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DESCRIPTION 

Nucleic Acid Formulations for Gene De livery And 

Methods of Use 

5* Introduction 

This invention relates to novel compositions' and methods 
for the introduction of a nucleic acid molecule into a cell, 
including by a pulse voltage delivery method, for the 
expression of \a protein, peptide, antisense r RNA, ribozyme, or. 
10 polypeptide. Priority is claimed from United States 
Provisional Application Serial No. 60/187,236 filed March 3, 
2000 and United States Provisional Application Serial No. 
60/261,751 filed January 16, 2001,. which are hereby 
incorporated by reference as if fully set forth herein. 

15 Background of the Invention . 

The following information is presented solely to assist 
the understanding of the reader. . None of the information is 
admitted to describe prior art to the claims of the present 
invention. 

20 Gene therapy is a major area of research in drug 

development. Gene therapy has been considered a desirable 
mechanism to correct genetically determined diseases resulting 
from the failure to produce certain proteins and acquired 
diseases such as autoimmunity and cancer. One example of a 

25 class of genetically determined diseases that are considered 
amenable to gene therapy is hemophilia. Hemophilia B, for 
example, is a bleeding disorder that results from the absence 
functional blood clotting Factor IX ( n F.IX"). The disease 
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state is classified as severe, moderate or mild, depending on 
the level of functional F.IX. (Lusher, J.M. (1999) Thromb 
Haemost 82:572-5751). Approximately 5,200 males are afflicted 
with the disease in the U.S. with approximately 45% of these 
5 cases being of the severe type. In severe cases of hemophilia 
B (<1% of normal F.IX levels) there are frequent bleeding 
events that can be life threatening and often produce 
debilitating destruction of the patient's joints. The current 
therapy for hemophilia B is the administration of F.IX protein 

10 in response to bleeding events only. The use of either blood 
derived or recombinant F.IX has shown that tremendous clinical 
and quality of life benefits can be achieved by converting the 
most severe hemophilia B cases into the moderate or mild range. 
In some countries F.IX protein is given prophylactically in the 

15 most severe cases, despite the fact that these treatments are 
extremely expensive (Ljung, R.C. (1999) Thromb Haemost 82:525- 
530). The prophylactic use of F.IX is not frequent in the U.S. 

Gene therapy could provide a new prophylactic approach 
for the treatment of diseases such as hemophilia B. A 

20 technological barrier to commercialization of gene therapy, 
however, is the need for practical, effective and safe gene 
delivery methods. In animal models of hemophilia, viral -based 
vectors have been used successfully to administer the human 
F.IX gene either to liver or muscle. (Kay, M.A. , et al. (1993) 

25 Science 262:117-119; Herzog, R.W., et al. (1999) Nat Med :56- 
63; Snyder, R.O., et al. (1999) Nat Med 5:64-70; Chao, H., et 
al. (1999) Gene Ther 6:1695-1704; Lozier, J.N., et al. (1999) 
Blood 94:3968-3975; Kaufman, R.J. (1999) Hum Gene Ther 10:2091- 
2107) . In some cases, these approaches have led to long-term 

30 (> 2 years) expression of therapeutic levels of F.IX in a 
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canine model of hemophilia B (Herzog, R.W., et al. (1999) Nat 
Med 5:56-63). However, the limitations of viral-based 
approaches have been extensively reported. For instance, re- 
administration is not possible with these vectors because of 
5 the humoral immune response generated against the viral 
proteins. In addition to manufacturing challenges to obtain 
adequate reproducible vector supply, there are also significant 
safety concerns associated with viral vectors, particularly for 
those targeting the liver for gene . expression. Not 

10 withstanding the problems associated with viral gene therapy, 
viruses have been considered by many to be more efficient than 
non-viral delivery vehicles. 

A problem of non-viral gene therapy is to achieve the 
delivery and expression of sufficient nucleic acid to result 

'15 in a tangible, physiologically relevant expression. Although 
DNA plasmids in isotonic saline (so-called x naked' DNA) were 
shown several years ago to transfect a variety of cells in 
vivo, the lack of stability of such unprotected plasmids to 
enzymatic degradation is associated with irreproducibility in 

20 uptake leading to highly variable expression and biological 
responses in animal models. The very low bioavailability of 
'naked' plasmid in most tissues also requires high doses of 
plasmids to be administered to generate a pharmacological 
response . 

25 The field of non- viral gene delivery has therefore been 

directed to the development of more efficient synthetic 
delivery systems able to increase the efficiency of plasmid 
delivery, confer prolonged expression and provide for storage 
stable formulations as is expected of other pharmaceutical 

3 0 f ormul at ions . 
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To overcome the problem of degradation of nucleic acids, 
typically plasmid DNA ("pDNA"), and enhance the efficiency of 
gene transfection, cationic condensing agents (such as 
polybrene, dendrimers, chitosan, lipids, and peptides) have 
been developed to protect pDNA by condensing it through 
electrostatic interaction. (A. P. Rolland, From genes to gene 
medicines: recent advances in nonviral gene delivery, review 
in Therapeutic drug carrier systems, 15 (2) :143-198 (1998).) 
However, the use of condensed plasmid particles for 
transfection of a large number of muscle cells in vivo has not 
been successful as compared directly to "naked" DNA. Wolff, 
J. A., et al., J*. Cell Sci., 103, 1249, 1992. In particular, 
due to the physiology of the muscle, the use of rigid condensed 
particles containing plasmid for efficient transfection of a 
larger number of muscle cells has not been successful to date 
because cationic lipid and polylysine plasmid complexes do not 
cross the external lamina to gain access to the caveolae and 
T tubules. Xd. 

Additional strategies that include the modulation of the 
plasmid surface charge and hydrophobicity by interaction with 
protective , interactive non- condensing systems (e.g., PINC™ 
polymers) have shown advantages over the use of * naked' DNA for 
direct administration to solid tissues. [WO9621470, US Patent 
No. 6,040,295, incorporated herein by reference.] 

Biodegradable microspheres have also been used in gene 
delivery that encapsulate the nucleic acid. For example, 
WO0078357,Chen, W. et al, disclosed matrices, films, gels and 
hydrogels which include hyaluronic acid (HA) derivatized with 
a dihydrazide and crosslinked to a nucleic acid forming slow 
release microspheres. W09524929, Boekelheide, K. et al., 
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without electroporation. In one embodiment of the invention, 
the poly- amino acid is poly-glutamic acid and salt thereof. 
The poly-glutamic acid formuation has been shown in the present 
invention to be particularly useful - in increasing 
5 electroporation assisted transfection in vivo. 

The compositions of the present invention that are used 
to administer nucleic acid, preferably by pulse voltage 
delivery, allows for treatment of diseases, vaccination, and 
treatment of muscle disorders and serum protein deficiencies. 

10 Another aspect of the present invention provides a method 

for treating a mammalian condition or disease. The method 
involves the step of administering to a mammal suffering from 
the condition or disease a therapeutically effective amount of 
a composition of the invention. In one embodiment of the 

15 invention, the disease is characterized by insufficient levels 
of active Factor IX. Delivery of a nucleic acid encoding 
Factor IX formulated in poly-glutamate and delivered in 
conjunction with electroporation according to the present 
invention is able to provide nanogram levels of Factor IX in 

20 the peripheral blood of large animals. 

In one embodiment of the invention, the disease is 
characterized by insufficient levels of red blood cells 
resulting in anemia. Delivery of a nucleic acid encoding 
erythropoietin ("EPO") formulated in poly-L-glutamate and 

25 delivered in conjunction with electroporation according to the 
present invention is able to provide sufficient levels of EPO 
to result in a maximal hematocrit level. 

In one embodiement of the invention, the disease is 
characterized by disregulation of the immune system. Delivery 

30 of a nucleic acid encoding a cytokine, such as in one example, 
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human interferon alpha 2b { "hINFa" ) , formulated in poly-L- 
glutamine and delivered in conjunction with electroporation 
according to the present invention is able to provide nanogram 
levels of hINFa in the peripheral circulation. 
5 In yet another aspect, the invention also features a 

method for delivering a nucleic acid molecule to a mammal, more 
preferably a human, by utilizing a non- condensing anionic 
polyamino acid formulation. The method involves the step of 
providing a composition of the invention to the cells of the 

10 organism by use of a device configured and arranged to cause 
pulse voltage delivery of the composition. 

In preferred embodiment's the device for delivering is an 
electroporation device that delivers the composition of the 
invention to the cell by pulse voltage and/or delivers the 

15 composition of the invention by subjecting the cells to an 
electric field. 

The present invention also features a kit. The kit 
includes a container for providing a composition of the 
invention and either (i) a pulse voltage device for delivering 

20 the composition of the invention to cells of an organism, 
wherein the pulse voltage device is capable of being combined 
with the container, or (ii) instructions explaining how to 
deliver the composition of the invention with the pulse voltage 
device. Thus the "container" can include instructions furnished 

25 to allow one of ordinary skill in the art to make compositions 
of the invention. The instructions will furnish steps to make 
the compounds used for formulating nucleic acid molecules. 
Additionally, the instructions will include methods for testing 
compositions of the invention that entail establishing if the 

30 , nucleic acid molecules are damaged upon injection after 



WO 01/66149 



PCT/DS01/06953 



electroporation. The kit may also include notification of an 
FDA approved use and instructions. 

A method for making a kit of the invention is also 
provided. The method involves the steps of combining a 
5 container for providing a composition of the invention with 
either (i) a pulse voltage device for delivering the 
composition of the invention to the cells of an organism, 
wherein the pulse voltage device is capable of being combined 
with the container, or (ii) instructions explaining how to 
10 deliver the composition of the invention with the pulse voltage 
device . 

The invention also provides a method of treating a mammal 
suffering from cancer or an infectious disease. The method 
involves the step of providing a composition of the invention 
15 to cells of the mammal by use of a device configured and 
arranged to provide pulse voltage delivery of a composition of 
the invention to cells of the mammal, wherein the molecule 
encodes a cancer antigen or an antigen for the infectious 
disease . 

20 As noted above, the compositions of the present invention 

that are used to administer nucleic acid, preferably by pulse 
voltage delivery, include a compound that protects the nucleic 
acid and/or prolongs the localized bioavailability of the 
nucleic acid and/or enhances expression when administered to 

25 an organism in vivo, or in vitro in cell culture. 

As the compositions are useful for delivery of a nucleic 
acid molecule to cells in vivo, in a related aspect the 
invention provides a composition at an in vivo site of 
administration. In particular, this includes compositions for 
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delivering a nucleic acid molecule at an in vivo site in a 
mammal . 

The summary of the invention described above is not 
limiting and other and further objects, features and advantages 
5 of the invention will be apparent from the following detailed 
description of the presently preferred embodiments of the 
invention and from the claims. 

Brief Description of the Drawings 

Figure 1 shows SEAP serum concentrations at day 7 post 

10 injection of SEAP pDNA/ empty DNA mixtures in the tibialis 
cranialis muscle of CD-I mice with electroporation. Various 
SEAP pDNA amounts and empty pDNA excess (relative to the coding 
pDNA) were administered. 

Figure 2 shows SEAP serum concentrations at day 7 post 

15 injection of naked SEAP pDNA or SEAP pDNA/ anionic polymer 
mixtures in the tibialis cranialis muscle of CD-I mice with 
electroporation and DNA concentration of 2.5 micrograms in 50 
microliters (half this dose per leg) . The concentration of the 
anionic polymer in the injected solution varied as indicated 

20 on the graph. 

Figure 3 shows SEAP serum concentrations at day 7 post 
injection of naked SEAP pDNA or SEAP pDNA/anionic polymer 
mixtures in the tibialis cranialis muscle of CD-I mice with 
electroporation and the amount of SEAP pDNA administered per 

25 animal was regularly (unless mentioned) 25 micrograms in 50 
microliters (half this dose per leg) . 

Figure 4 shows SEAP serum concentrations at day 7 post 
injection of naked SEAP pDNA or SEAP pDNA/ anionic polymer 
mixtures in the gastrocnemius muscle of CD-I mice and 
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electroporation of the tissue. The concentration of the anionic 
polymer in the injected solution varied as indicated on the 
graph. 

Figure 5 shows SEAP serum concentrations at day 7 as a 
5 function of the amount of SEAP pDNA injected in different 

formulations as indicated: A in the tibialis cranialis muscle 

of CD-I mice; B in the gastrocnemius muscle of CD-I mice 

comparing either naked SEAP pDNA or a mixture of SEAP pDNA and 

a poly-L-glutamic acid at 6.0 mg/ml. 
10 Figure 6 shows lucif erase expression after direct 

intramyocardial injection of plasmid DNA formulated in saline 

versus poly-glutamic acid. 

Figure 7 shows hF.IX serum concentrations at day 7 post 

injection of naked hF.IX pDNA or hP.IX pDNA/poly-L-glutamic 
15 acid mixtures in the tibialis muscle of C57BL/6 mice and 

electroporation of the tissue. The concentration of the anionic 

polymer in the injected solution varied as indicated on the 

graph - 

Figure 8 shows hF.IX expression in plasma of immune 
20 deficient (SCID beige) mice. 

Figure 9 depicts the immunohistology and fiber- type of 
hF.IX expressing myocytes in SCID mouse muscle. 

Figure 10 A depicts plasma hF.IX levels determined by 
ELISA in dogs following intramuscular injection of plasmid 
25 augmented by electroporation at different numbers of sites. 
Values are means ± SEM with n = 3 for each group. Figure 10B 
shows a western blot of purified hF.IX using treated animal 
serum as the primary antibody. Lane A, molecular marker; lane 
B, negative control serum; lane C, positive control (canine 
30 serum spiked with rabbit anti-hF.IX antibodies; lane D, serum 
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from a female dog from the 6 injection group (peak expression 
hF.IX 35.71 ng/ml) ; lane E, serum from a male dog from the 12 
injection group (peak hF.IX expression 47.9 ng/ml). 

Figure 11 depicts the duration of retention of the mouse 
5- EPO plasmid DNA following delivery by- electroporation using 
saline and poly-L-glutamic acid formulations. 

Figure 12 depicts EPO expression and hematocrit in mice 
following delivery of the mouse EPO gene by electroporation 
using saline and poly-L-glutamic acid formulations. 
10 Figure 13 depicts the results of the. EPO expression in 

mice following delivery of the mouse EPO gene by 
electroporation using saline and poly-L-glutamic acid 
formulations over a three month time frame. 

Figure 14 depicts a comparison of hINFa gene expression 
15 after delivery in saline versus polyglutamate . A depicts the 
results using a 50 microgram dose of plasmid DNA while B 
depicts the results of administration of a 5 microgram dose of 
plasmid DNA. 

Figure 15 shows the ability of poly-L-glutamate and 
20 poloxamer formulations to protect DNA from nuclease 
degradation. Panel A represents a DNA in saline formulation; 
Panel B represents DNA formulated in 5% Pluronic F68; Panel C 
represents DNA formulated in 6 mg/ml poly-L-glutamate. Lane 
A, negative control of plasmid DNA without DNase; lane B, 
25 positive control of plasmid DNA and DNase mixed 1:1; lane C, 
DNase diluted 1:1; lane D, DNase diluted 1:10; lane E, DNase 
diluted 1:100; lane F, DNase diluted 1:1,000; lane G, DNase 
diluted 1:10,000. 

Figure 16 depicts the results of long term biological 
30 stability of plasmid DNA encoding SEAP formulated in 6 mg/ml 
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poly- L- glut amate under different storage conditions. A, 
lyophilization and storage at 4°C. for 105 days; B, freezing of 
a liquid formulation with storage at -20°C. for 105 days; C, 
liquid storage at 4°C. for 105 days; D, liquid storage at room 
5 temperature for 105 days; E, liquid storage at 37°C. for 105 
days; F, liquid storage at 50°C. for 8 days; G, liquid 
formulation subject to freeze/thawing; H, fresh DNA formulated 
on poly-L-glutamate; I, fresh Dim without po ly-L- glut amate . 

Figure 17 depicts the plasmid map for pFN0945, an 

10 expression plasmid carrying the gene for hE.IX. The sequence 
of the complete plasmid is disclosed as SEQ. ID. NO. 3. 

Figure 18 depicts the plasmid map for pFN1645, an 
expression plasmid carrying an codon optimized gene for hF.IX. 
The sequence of the complete plasmid is disclosed as SEQ. ID. 

15 NO. 4. 

Figure 19 depicts the plasmid map for pEP1403, an 
expression plasmid carrying the mouse erythropoietin gene. The 
sequence of the complete plasmid is disclosed as SEQ. ID. NO. 
2. 

20 Figure 20 depicts the plasmid map for pIF0921, an 

expression plasmid carrying the human interferon alpha gene. 
The sequence of the complete plasmid is disclosed as SEQ. ID. 
NO. 1. 

Detailed Description of the Preferred Embodiments 
25 The delivery and expression of sequences encoded on a 

vector in eukaryotic cells, particularly in vivo in a mammal, 
depends on a variety of factors including transfection 
efficiency and lifetime of the coding sequence within the 
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transfected cell. Thus, a number of methods are reported for 
accomplishing such delivery. 

A non-viral gene medicine is composed of three major 
elements: i) a nucleic acid encoding a gene product (e.g., a 
5 therapeutic protein) , ii) a plasraid-based expression system, 
and Hi) a synthetic gene delivery system. These products are 
intended to have low toxicity due to the use of synthetic 
components for gene delivery (minimizing for instance the risks 
of immunogenicity generally associated with viral vectors) and 

10 non- integrating plasmids for gene expression. Since no 
integration of plasmid sequences into host chromosomes has been 
reported in vivo to date, they should neither activate 
oncogenes nor ijiactivate tumor suppressor genes. This built-in 
safety with non-viral systems contrasts with the risks 

15 associated with the use of most viral vectors. As episomal 
systems residing outside the chromosomes, plasmids have defined 
pharmacokinetics and elimination profiles, leading to a finite 
duration of gene expression in target tissues. 

Formulating the nucleic acid with anionic polymers as 

20 disclosed below is particularly desirable because they enhance 
transaction and expression of the nucleic acid, protect the 
nucleic acid from degradation, and are completely 
biodegradable. In addition, because formulating the nucleic 
acid with anionic polymers results in more efficient 

25 transf ection, lower amounts of DNA may be used. By 
biodegradable, it is meant that the anionic polymers can be 
metabolized or cleared by the organism in vivo without any or 
minimal toxic effects or side effects. The term "anionic 
polymers" means- polymers having a repeating subunit which 

30 includes, for example, an ionized carboxyl, phosphate or 
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sulfate group having a net negative charge at neutral pH. 
Examples of the anionic polymers include poly-amino acids (such 
as poly-glutamic acid, poly-aspartic acid and combinations 
thereof), poly nucleic acids, poly acrylic acid, poly 
5 galacturonic acid, and poly vinyl sulfate. In the case of 
polymeric acids, the polymer will typically be utilized as the 
salt form. 

Efforts have been made to enhance the delivery of plasmid 
DNA to cells by physical means including electroporation, 

10 sonoporation and pressure. Injection by electroporation is a 
modern technique that involves the application of a pulsed 
electric field to create transient pores in the cellular 
membrane without causing permanent damage to the cell and 
thereby allows for the introduction of exogenous molecules. 

15 This technique has been used widely in research laboratories 
to create hybridomas and is now being applied to gene transfer 
approaches for therapy. By adjusting the electrical pulse 
generated by an electroporetic system, nucleic acid molecules 
can find their way through passageways or pores in the cell 

20 that are created during the procedure. U. S. Patent 5,704,908 
describes an electroporation apparatus for delivering molecules 
to cells at a selected location within a cavity in the body of 
a patient. (U. S. Patent 5,704,908, including any drawings 
contained therein, is hereby incorporated by reference as if 

25 fully set forth herein.) 

The use of electroporetic methods to deliver genes 
suspended in saline into rabbit and porcine arteries as models 
to treat coronary and peripheral vascular disease has been 
discussed at the 3rd US- Japan Symposium on Drug Delivery (D. 

30 B. Dev, J. J. Giordano and D. L. Brown, Maui, Hawaii, December 
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17*22, 1995) . The ability to target and express the lacZ 
reporter gene suspended in saline to various depths of the 
dermis region in hairless mice has been described in the 
article "Depth-Targeted Efficient Gene delivery and- Expression 
5 in the skin by Pulsed Electric Fields: An approach to Gene 
Therapy of Skin Aging and Other Diseases" (Zhang et al., 
Biochemical and Biophysical Research Communications 220 , 633- 
636 (1996)) . A mammalian expression plasmid for the lacZ gene 
in saline has been injected into the internal carotid artery 

10 of rats whose brain tumors had been electroporated between two 
electrodes. The gene was reported to be expressed in the tumor 
cells three days after plasmid injection and furthermore, lacZ 
activity was reported to be isolated only to the tissues and 
cells targeted (Nishi, et al., Cancer Research 56, 1050-1055, 

15 March 1, 1996) . 

Formulations for electroporation are described in U.S. 
Patent Application Serial No. 09/322,602, which is incorporated 
herein by reference in its entirety, including any drawings. 
By adjusting the electrical pulse generated by an 

20 electroporetic system, nucleic acid molecules can find their 
way in the cell through passageways or pores that are created 
during the procedure. 

Previously, treatment of hemophilia B by non-viral 
methods was not been possible because only low and variable 

25 levels of gene expression were achieved. Recently, the use of 
electroporation in vivo was shown to produce consistent high 
levels of gene expression in muscle, liver, skin, solid tumors 
and testis following direct injection of plasmid into these 
tissues (Titomirov, A.V., et al. (1991) Biochim Biophys Acta 

30 1088: 131-134; Muramatsu, T., et al . (1997) Biochem Biophys 
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Res Coinmun 233: 45-49; Suzuki, T., et al. (1998) FEBS Lett 
425: 436-440; Aihara, H. and Miyazaki, J. (1998) Nat 
Biotechnol 16: 867-870; Mir, L.M., et al. (1998) C R Acad 
Sci III 321: 893-899; Rizzuto, G. , et al. (1999) Proc Natl 

-5 Acad Sci USA 96: 6417-6422; Goto, -T. , et al (2000) Proc 
Natl Acad Sci USA 97:354-359; Somiari, S., et al. (2000) 
Mol Ther 2:178-187) . In mice, electroporation of plasmid DNA 
in saline was used to achieve circulating levels of hF.IX that 
were 2% of normal and maintained for at least 2 months ( 

10 Bettan, M. , et al. (2000) Mol Ther 2:204-210). The present 
application discloses novel plasmid formulations for 
electroporation that achieve four goals: (1) therapeutically 
significant levels of proteins in vivo, (2) persistent 
expression of the transgene, (3) re-administration of 

15 formulated plasmid to obtain levels comparable to the initial 
levels and (4) therapeutically significant levels in large 
animals . 

The delivery of a formulated DNA according to the present 
invention by the use of pulse voltage delivery device 

20 represents a novel approach to gene delivery. In particular, 
the the preferred embodiment employing anionic amino acid 
polymers or poly-amino acids were able to substantially 
increase the expression of introduced genes by electroporation 
when compared with saline. The poly-amino acids also have the 

25 advantage over prior formulations by being completely 
biodegradable. The preferred embodiment also provides the 
advantage of allowing the uptake of formulated nucleic acid 
molecules (i.e., nucleic acid molecules in the compositions of 
the invention) by specifically targeted cells and cell lines, 

30 as well as uptake by multiple cell lines as desired. Injecting 
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formulated nucleic acid molecules by pulse voltage delivery- 
methods results in the formulated nucleic acid molecules 
gaining access to the cellular interior more directly through 
the destabilization of the cell wall and/ or by the formation 
5 of pores as a result of - the electroporetic process - 
Furthermore, in certain instances multiple cell lines can be 
targeted, thus allowing contact to many more cell types than 
in conventional needle injection. Thus, the present invention 
provides an enhanced delivery of nucleic acid molecules and 

10 also provides a more efficient gene delivery system which may 
be used to generate an immune response, express a therapeutic 
gene, modulate aspects of the cell cycle or cell physiology, 
or provide a method to achieve other gene delivery related 
therapeutic methods such as ant i -tumor "therapy. 

15 The term w poly-L-glutamic acid" is used interchangeably 

herein with u poly-L-glutamic acid, sodium salt", "sodium poly- 
L-glutamate" and n poly-L-glutamate. " "Poly-L-glutamate" refers 
to the sodium salt of poly-L-glutamic acid. Although the L 
stereoisomer of polyglutamic acid was found to be particularly 

20 useful, the other stereoisomer or racemic mixtures of isomers 
are within the scope of the invention. The present invention 
contemplates that other salts of anionic ' amino acid polymers 
may be equally suitable. 

The term " anionic amino acid polymers' 7 means polymeric 

25 forms of a given anionic amino acid such as, for example, poly- 
glutamic acid or poly-aspartic acid. The present invention 
contemplates that polymers formed of a mixture of anionic amino 
acids, such as for example glutamic acid and aspartic acid, may 
be equally suitable. 
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By "delivery" or "delivering" is meant transportation of 
nucleic acid molecules to desired cells or any cells. The 
nucleic acid molecules may be delivered to multiple cell lines, 
including the desired target. Delivery results in the nucleic 
5 acid molecules coming- in contact with the cell surface, cell 
membrane, cell endosome, within the cell membrane, nucleus or 
within the nucleus, or any other desired area of the cell from 
which transfection can occur within a variety of cell lines 
which can include but are not limited to; tumor cells, 

10 epithelial cells, Langerhan cells, Langhans' cells, littoral 
cells, keratinocytes, dendritic cells, macrophage cells, 
Kupffer cells, muscle cells, lymphocytes and lymph nodes. 
Preferably, the composition of the invention is delivered to 
the cells by electroporation and the nucleic acid molecule 

15 component is not significantly sheared upon delivery, nor is 
cell viability directly effected by the pulse voltage delivery 
process . 

By "nucleic acid n is meant both RNA and DNA including: 
cDNA, genomic DNA, plasmid DNA or condensed nucleic acid, 

20 nucleic acid formulated with cationic lipids, nucleic acid 
formulated with peptides, cationic polymers, RNA or mRNA. In 
a preferred embodiment, the nucleic acid administered is a 
plasmid DNA which constitutes a "vector". The nucleic acid can 
be, but is not limited to, a plasmid DNA vector with a 

25 eukaryotic promoter which expresses a protein with potential 
therapeutic action, such as, for example; hGH, VEGF, EPO, IGP- 
I, TPO, Factor IX, IFN-a, IFN-|3, IL-2, IL-12, or the like. 

As used herein, the term a "plasmid" refers to a 
construct made up of genetic material (i.e., nucleic acids). 

30 it includes genetic elements arranged such that an inserted 
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coding sequence can be transcribed in eukaryotic cells. Also, 
while the plasmid may include a sequence from a viral nucleic 
acid, such viral sequence preferably does not cause the 
incorporation of the plasmid into a viral particle, and the 
5 plasmid is therefore a non- viral vector. Preferably, a plasmid 
is a closed circular . DNA molecule . The enhancer/promoter 
region of an expression plasmid will determine the levels of 
expression. Most of the gene expression systems designed for 
high levels of expression contain the intact human 

10 cytomegalovirus (CMV) immediate early enhancer /promoter 
sequence. However, down-regulation of the CMV promoter over 
time has been reported in tissues. The hypermethylation of the 
CMV promoter, as observed when incorporated into retroviral 
vectors, has not been observed for episomal plasmids in vivo. 

15 Nevertheless, the CMV promoter silencing could be linked to its 
sensitivity to reduced levels of the transcription factor NF- 
kB. The activity of the CMV promoter has also been shown to 
be attenuated by various cytokines including interferons (a and 
p) , and tumor necrosis factor (TNF-a) . In order to prolong 

20 expression in vivo and ensure specificity of expression in 
desired tissues, tissue- specif ic enhancer /promoters have been 
incorporated in expression plasmids. The chicken skeletal 
alpha actin promoter has been shown to provide high levels of 
expression (equivalent to the ones achieved with a CMV- driven 

25 construct) for several weeks in non-avian striated muscles. 

Additional genetic sequences in the expression plasmids 
can be added to influence the stability of the messenger RNA 
(mRNA) and the efficiency of translation. The 5' untranslated 
region (5' UTR) is known to effect translation and it is 

30 located between the cap site and the initiation codon. The 5' 
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secondary structure and upstream initiation codons, and should 
have an initiation codon AUG within an optimal local context. 
The 5' UTR can also influence RNA stability, RNA processing and 
5 transcription. In order to maximize gene - expression by 
ensuring effective and accurate RNA splicing, one or more 
introns can be included in the expression plasmids at specific 
locations. The possibility of inefficient and/or inaccurate 
splicing can be minimized by using synthetic introns that have 

10 idealized splice junction and branch point sequences that match • 
the consensus sequence. Another important sequence within a 
gene expression system is the 3' untranslated region (3' UTR), 
a sequence in the mRNA that extends from the stop codon to the 
poly (A) addition site. The 3 f UTR can influence mRNA 

15 stability, translation and intracellular localization. The 
skeletal muscle a-actin 3' UTR has been shown to stabilize mRNA 
in muscle tissues thus leading to higher levels of expression 
as compared to other 3' UTR. This 3' UTR appears to induce a 
different intracellular contpartmentalization of the produced 

20 proteins, preventing the effective trafficking of the proteins 
to the secretory pathway and favoring their perinuclear 
localization . 

One of the attractive features of plasmid expression 
systems is the possibility to express multiple genes from a 
25 single construct. These multivalent systems may find 
applications in the expression of heterodimeric proteins, such 
as antibodies, or in the in vivo production of multiple 
antigens to generate a potent immune response for genetic 
vaccination. In cancer immunotherapy, the co-expression of co- 
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stimulatory molecules with a variety of cytokines may also lead 
to enhanced responses. 

The term, ^vector" as used herein refers to a construction 
including genetic material designed to direct transformation 
5 of a targeted cell. A vector contains multiple genetic 
material, preferably contiguous fragments of DNA or ENA, 
posit ionally and sequentially oriented with other necessary 
elements such that the nucleic acid can be transcribed and when 
necessary translated in the transfected cells. The "vector" 

10 preferably is a nucleic acid molecule incorporating sequences 
encoding therapeutic product (s) as well as, various regulatory 
elements for transcription, translation, transcript stability, 
replication, and other functions as are known in the art. The 
vector preferably allows for production of a product encoded 

15 for by a nucleic acid sequence contained in the vector. For 
example, expression of a particular growth factor protein 
encoded by a particular gene. A "DNA vector 11 is a vector whose 
native form is a DNA molecule. A "viral vector" is a vector 
whose native form is as the genomic material of a viral 

20 particle. 

The term "transf ection" as used herein refers to the 
process of introducing DNA (e.g., formulated DNA expression 
vector) into a cell, thereby, allowing cellular transformation. 
Following entry into the cell, the transfected DNA may: (1) 

25 recombine with that of the host; (2) replicate independently 
as a plasmid or temperate phage; or (3) be maintained as an 
episome without replication prior to elimination. 

As used herein, * transformation" relates to transient or 
permanent changes in the characteristics (expressed phenotype) 

30 of a cell induced by the uptake of a vector by that cell. 
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Genetic material is introduced into a cell in a form where it 
expresses a specific gene product or alters the expression or 
effect of endogenous gene products. Transformation of the cell 
may be associated with production of a variety of gene products 
5 including protein and KNA. These products may function as 
intracellular or extracellular structural elements, ligands, 
hormones, neurotransmitters, growth regulating factors, 
enzymes, chemotaxins, serum proteins, receptors, carriers for 
small molecular weight compounds, drugs, immunomodulators , 

10 oncogenes, cytokines, tumor suppressors, toxins, tumor 
antigens, antigens, antisense inhibitors, triple strand forming 
inhibitors, ribozymes, or as a ligand recognizing specific 
structural determinants on cellular structures for the purpose 
of modifying their activity. This list is only an example and 

15 is not meant to be limiting. 

A "gene product" means products encoded by. the vector. 
Examples of gene products include mRNA templates for 
translation, ribozymes, antisense RNA, proteins, glycoproteins, 
lipoproteins, phosphoproteins and polypeptides. The nucleic 

20 acid sequence encoding the gene product may be associated with 
a targeting ligand to effect targeted delivery. 

"Uptake" means the translocation of the vector from the 
extracellular to intracellular compartments. This can involve 
receptor-mediated processes, fusion with cell membranes, 

25 endocytosis, potocytosis, pinocytosis or other translocation 
mechanisms . The vector, may be taken up by itself or as part 
of a complex . 

Administration as used herein refers to the route of 
introducing the compositions of the invention into the body of 
30 cells or organisms. Administration includes the use of 
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electroporetic methods as provided by a pulse voltage device 
to targeted areas of the mammalian body such as the muscle 
cells and the lymphatic cells in regions such as the lymph 
nodes. Administration also includes intradermal, intra- tumoral 
5 and subcutaneous administration. 

A "therapeutically effective amount'' of a composition is 
an amount that is sufficient to cause at least temporary relief 
or improvement in a symptom or indication of a disease or 
condition. Thus, the amount is also sufficient to cause a 
10 pharmacological effect. The amount of the composition need not 
cause permanent improvement or improvement of all symptoms or 
indications . 

The term "pulse voltage device", or "pulse voltage 
injection device" as used herein relates to an apparatus that 

15 is capable of causing or causes uptake of nucleic acid 
molecules into the cells of an organism by emitting a localized 
pulse of electricity to the cells, thereby causing the cell 
membrane to destabilize and result in the formation of 
passageways or pores in the cell membrane. It is understood 

20 that conventional devices of this type are calibrated to allow 
one of ordinary skill in the art to select and/or adjust the 
desired voltage amplitude and/or the duration of pulsed voltage 
and therefore it is expected that future devices that perform 
this function will also be calibrated in the same manner. The 

25 type of injection device is not considered a limiting aspect 
of the present invention. The primary importance of a pulse 
voltage device is, -in fact, the capability of the device to 
facilitate delivery of compositions of the invention into the 
cells of an organism. The pulse voltage injection device can 

30 include, for example, an electroporetic apparatus as described 
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in U.S. Patent 5,439,440, U.S. Patent 5,704,908 or U.S. Patent 
5,702,384 or as published in PCT WO 96/12520, PCT WO 96/12006, 
PCT WO 95/19805, and PCT WO 97/07826, all of which are 
incorporated herein by reference in their entirety. 
5 The term "apparatus" as used herein relates to the set of 

components that upon combination allow the delivery of 
compositions of the invention into the cells of an organism by 
pulse voltage delivery methods. The apparatus of the invention 
can be a combination of a syringe or syringes, various 

10 combinations of electrodes, devices that are useful for target 
selection by means such as optical fibers and video monitoring, 
and a generator for producing, voltage pulses which cam be 
calibrated for various voltage amplitudes, durations and 
cycles. The syringe can be of a variety of sizes and can be 
-15 selected to inject compositions of the invention at different 
delivery depths such as to the skin of an organism such as a 
mammal, or through the skin. 

The term "organism" as used herein refers to common usage 
by one of ordinary skill in the art. The organism can include 

20 microorganisms, such as yeast or bacteria, plants, birds, 
reptiles, fish or mammals. The organism can be a companion 
animal or a domestic animal. Preferably the organism is a 
mammal and is therefore any warmblooded organism. More 
preferably the mammal is a human. 

25 The term "companion animal" as used herein refers to 

those animals traditionally treated as "pets" such as for 
example, dogs, cats, horses, birds, reptiles, mice, rabbits, 
hamsters, and the like; The term "domestic animal" as used 
herein refers to those animals traditionally considered 

30 domesticated, where animals such as those considered "companion 
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animals" are included along with animals such as, pigs, 
chickens, ducks, cows, goats, lambs, and the like. 

By "prolong the localized bioavailability of a nucleic 
acid" is meant that a nucleic acid when administered to an 
5 organism in a composition comprising such a compound will be 
available for uptake by cells for a longer period of time than 
if administered in a composition without such a compound, for 
example when administered in a formulation such as a saline 
solution. This increased availability of nucleic acid to cells 

10 could occur, for example, due to increased duration of contact 
between the composition containing the nucleic acid and a cell 
or due to protection of the nucleic acid from attack by 
nucleases. The compounds that prolong the localized 
bioavailability of a nucleic acid are suitable for internal 

15 administration. 

By "suitable for internal administration" is meant that 
the compounds are suitable to be administered within the tissue 
of an organism, for example within a muscle or within a joint 
space, intradermally or subcutaneously . Other forms of 

20 administration which may be utilized are topical, oral, 
pulmonary, nasal and mucosal; for example, buccal, vaginal or 
rectal. Properties making a compound suitable for internal 
administration can include, for example, the absence of a high 
level of toxicity to the organism as a whole. 

25 By "solutions" is meant water soluble polymers and/or 

surfactants in solution with nucleic acids. 



Polymeric formulations for plasmid delivery to muscle 

The present invention provides polymeric formulations 
that address problems associated with injection of nucleic 
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acids suspended in saline. Unformulated (naked nucleic acid 
molecules) plasmids suspended in saline have poor 
bioavailability in muscle due to rapid degradation of plasmid 
by extracellular nucleases. One possible approach to overcome 
5 the poor bioavailability is to protect plasmid from rapid 
nuclease degradation by, for example, condensing the plasmid 
with commonly used cat ionic complexing agents. However, due 
to the physiology of the muscle, the use of rigid condensed 
particles containing plasmid for efficient transfection of a 
10 larger number of muscle cells has not been successful to date. 
Cationic lipid and polylysine plasmid complexes do not cross 
the external lamina to gain access to the caveolae and T 
tubules (Wolff, J. A., et al., 1992, J. Cell, Sex. 
103:1249-1259) . 

15 Thus, the invention increases the bioavailability of 

plasmid in muscle by: protecting plasmid from rapid 
extracellular nuclease degradation; dispersing and retaining 
intact plasmid in the muscle and/or tumor; and facilitating the 
uptake of plasmid by muscle and/ or tumor cells. A specific 

20 method of accomplishing this, which preferably is used in 
conjunction with pulse voltage delivery, is the use of anionic 
polymers . 

Administration 

Administration as used herein refers to the route of 
25 introduction of a plasmid or carrier of DNA into the body. 
Administration can be directly to a target tissue or by 
targeted delivery to the target tissue after systemic 
administration. In particular, the present invention can be 
used for treating conditions by administration of the 
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formulation to the body in order to establish controlled 
expression of any specific nucleic acid sequence within tissues 
at certain levels that are useful for gene therapy. 

The preferred means for administration of vector 
5 (plasmid) and use of formulations for delivery are described 
above. The preferred embodiments are by pulse voltage delivery 
to cells in combination with needle or needle free injection, 
or by direct applied pulse voltage wherein the electroporation 
device's electrodes are pressed directly against the targeted 

10 tissue or cells, such as for example epidermal cells, and the 
vector is applied topically before or after pulse application 
and delivered through and or to the cells . 

The route of administration of any selected vector 
construct will depend on the particular use for the expression 

15 vectors. In general, a specific formulation for each vector 
construct used will focus on vector delivery with regard to the 
particular targeted tissue, the pulse voltage delivery 
parameters, followed by demonstration of efficacy. Delivery 
studies will include uptake assays to evaluate cellular uptake 

20 of the vectors and expression of the DNA of choice. Such 
assays will also determine the localization of the target DNA 
after uptake, and establishing the requirements for maintenance 
of steady- state concentrations of expressed protein. Efficacy 
and cytotoxicity can then be tested. Toxicity will not only 

25 include cell viability but also cell function. 

Muscle cells have the unique ability to take up DNA from 
the extracellular space after simple injection of DNA particles 
as a solution, suspension, or colloid into the muscle. 
Expression of DNA by this method can be sustained for several 

30 months. 
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The chosen method of delivery should result in expression 
of the gene product encoded within the nucleic acid cassette 
at levels that exert an appropriate biological effect. The 
rate of expression will depend upon the disease, the 
5 pharmacokinetics of the vector and gene product, and the route 
of administration, but should be in the range 0.001-100 mg/kg 
of body weight/day, and preferably 0.01-10 mg/kg of body 
weight /day. This level is readily determinable by standard 
methods. It could be more or less depending on the optimal 
10 dosing. The duration of treatment will extend through the 
course- of the disease symptoms, possibly continuously. The 
number of doses will depend upon the disease, delivery vehicle, 
and efficacy data from clinical trials. 

DNA Injection Variables 

15 The level of gene delivery and expression or the 

intensity of an immune response achieved with the present 
invention can be optimized by altering the following variables. 
The variables are: the formulation (composition, plasmid 
topology) , the technique and protocol for injection (area of 

20 injection, duration and amplitude of voltage, electrode gap, 
number of pulses emitted, type of needle arrangement, pre- 
inject ion-pulsed or post -inject ion-pulsed cells, state of 
muscle, state of the tumor), and, the pretreatment of the 
muscle with myotoxic agents. An immune response can be 

25 measured by, but is not limited to, the amount of antibodies 
produced for a protein encoded and expressed by the injected 
nucleic acid molecule. 

Other injection variables that can be used to 
significantly affect the levels of proteins, antibodies and/ or 
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cytotoxic T- lymphocytes produced in response to the protein 
encoded by the formulated nucleic acid molecule provided by the 
pulse voltage injection method of the present invention are the 
state of the muscle being injected and injection technique. 
5 Examples of the variables include muscle stimulation, muscle 
contraction, muscle massage, delivery angle, and apparatus 
manipulation. Massaging the muscle may force plasmid out of the 
muscle either directly or via lymphatic drainage. By altering 
the depth of penetration and/or the angle at which the pulse 
10 voltage device is placed in relation to muscle fibers the 
present invention improves the plasmid distribution throughout 
the injection area that subsequently increases the antibody 
response to the protein which is encoded and expressed by the 
plasmid. 

15 Nucleic acid based therapy 

The present invention can be used to deliver nucleic acid 
vaccines in a more efficient manner than is conventionally done 
at the present time. Nucleic acid vaccines, or the use of 
plasmid encoding antigens or therapeutic molecules such as 

20 Human Growth Hormone, has become an area of intensive research 
and development in the last half decade . Comprehensive ^reviews 
on nucleic acid based vaccines have been published (M.A. Liu, 
et al.(Eds.), 1995, DNA Vaccines: A new era in vaccinology, 
Vol. 772, Ann. NY. Acad. Sci., New York; Kumar, V., and 

25 Sercarz, E . , 1996, Nat. Med. 2:857-859; Ulmer, J.B. , et al., 
(Eds.) Current Opinion in Immunology; 8:531-536. Vol. 772, Anil. 
NY. Acad. Sci., New York). Protective immunity in an animal 
model using plasmid encoding a viral protein was first observed 
in 1993 by Ulmer et al. (Ulmer, J.B., et al., 1993, Science 
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259:1745-1743). Since then, several studies have demonstrated 
protective immunity for several disease targets and human 
clinical trials have been started. 

Many disease targets have been investigated. Examples 
5 include antigens of Borrelia burgdorferi, the tick-borne 
infectious agent for Lyme disease (Luke et al. f J- Infect. Dis. 
175:91-97, 1997), human immunodeficiency virus-1, (Letvin et 
al., Broc. Nat. Acad. Sci. USA 94:9378-9383, 1997), B cell 
lymphoma (Syrengelas et al., Mature Medicine. 2:1038-41, 1996), 

10 Herpes simplex virus (Bourne et al., J . Infectious dis. 
173:800-807, 1996), hepatitis C virus (Tedeschi et al., 
Hepatology 25:459-462, 1997), rabies virus (Xiang et al., 
virology, 209:569-579, 1995), Mycobacterium tuberculosis 
(Lowrie in Genetic Vaccines and Immunotherapeutic Strategies 

15 CA Thibeault, ed. Intl Bus Comm, Inc., Southborough, MA 01772 
pp. 87-122, 1996), and Plasmodium falciparum (Hoffman et al., 
Vaccine 15:842-845, 1997). Additionally, nucleic acid based 
treatment for reducing tumor-cell immunogenicity, growth, and 
proliferation is indicative of gene therapy for diseases such 

20 as tumori genie brain cancer (Fakhrai et al., Proc. Natl. Acad. 
Sci., 93:2909-2914, 1996). 

An important goal of gene therapy is to affect the uptake 
of nucleic acid by cells, thereby causing an immune response 
to the protein encoded by the injected nucleic acid. Nucleic 

25 acid based vaccines are an attractive alternative vaccination 
strategy to subunit vaccines, purified viral protein vaccines, 
or viral vector vaccines. Each of the traditional approaches 
has limitations that are overcome if the antigen (s) is 
expressed directly in cells of the body. Furthermore, these 

30 traditional vaccines are only protective in a strain-specific 
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fashion. Thus, it is very difficult, and even impossible using 
traditional vaccine approaches to obtain long lasting immunity 
to viruses that have several sera types or viruses that are 
prone to mutation. 
5 Nucleic acid based vaccines offer the- potential to 

produce long lasting immunity against viral epitopes that are 
highly conserved, such as with the nucleoprotein of viruses. 
Injecting plasmids encoding specific proteins by the present 
invention results in increased immune responses, as measured 

10 by antibody production. Thus, the present invention includes 
new methods of providing nucleic acid vaccines by delivering 
a formulated nucleic acid molecule with a pulse voltage device 
as described herein. 

The efficacy of nucleic acid vaccines is enhanced by one 

15 of at least three methods: (1) the use of delivery systems to 
increase the stability and distribution of plasmid within the 
muscle, (2) by the expression (or delivery) of molecules to 
stimulate antigen presentation/transfer, or (3) by the use of 
adjuvants that may modulate the immune response. 

20 Diseases and Conditions for Intramuscula r Plasmid Delivery 

The present invention described herein can be utilized 
for the delivery and expression of many different coding 
sequences. The coding sequences may be used to ameliorate the 
effects of inborn errors of metabolism, genetic deficiencies 

25 of certain necessary proteins, acquired metabolic and 
regulatory imbalances and disordered cellular regulation such 
as with cancer. The coding sequence containing composition 
preferably is administered by pulsed voltage delivery and may 
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require, as needed, exposure of the tissue to be treated by 
surgical means as determined by a certified professional. 

EXAMPLES 

The following examples are offered by way of illustration 
5 and are not intended to limit the scope of the invention in any 
manner. One of ordinary skill in the art would recognize that 
the various molecules and/ or amounts disclosed in the examples 
could be adjusted or substituted. It would also be recognized 
that the delivery targets and/ or amounts delivered in the 
10 examples could be adjusted or substituted by selecting 
different muscles for injection, injection into tumors or 
nodes , or increasing or decreasing the duration of pulse time 
or alternating the pulse application from pre-injection to 
post - in j ec t ion . 

15 Preparation of Formulations 

Formulations were made by aliquoting appropriate volumes 
of sterile stock solutions of water, plasmid, polymer, buffer 
and/or 5M NaCl to obtain a final plasmid in an isotonic 
solution. The total plasmid concentration of all formulations 

20 was measured by I3V absorption at 260 nm. The osmotic pressure 
of selected formulations was measured using a Fiske One-Ten 
Micro-Sample Osmometer (Fiske Associates; Norwood, MA) . The 
percentage of supercoiled plasmid was measured using 1% agarose 
gel electrophoresis followed by f luorimaging. 

25 Plasmids were formulated in 5 - 10 mM Tris, pH 7.5 or 

saline (150 mM NaCl) or mixed with a polymer in isotonic 
saline. Plasmid used for injection was formulated with various 
polymers in an isotonic saline solution. Typically, the 
concentration of plasmid was 1-2 mg/ml in saline, or formulated 
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with polyvinylpyrrolidone (FVP, 5%) or 6 mg/ml poly-L-glutamate 
(Sigma, St Louis, MO) in saline. 

Anionic polymers included poly-L-glutamic acid (p-L-Glu) , 
sodium salt, of various molecular weights (degree of 

5 polymerization (DP) of 9 (Sigma P1943) , degree of 
polymerization of 10 (Sigma P1818) , 2-15 kDa (Sigma P4636) , 15- 
50 kDa (Sigma P4761) and 50-100 kDa (Sigma P4886) ) , poly-D- 
glutamic acids (p-D-Glu) of 15-50 (Sigma P4033) and 50-100 kDa 
(Sigma 4637), poly-L-aspartic acid (p-L-Asp) , sodium salt, of 

10 2-15 (Sigma P5387) and 15-50 kDa (Sigma P6762) and poly-acrylic 
acid (pAA) , sodium salt, of 5 and 60 kDa. The polyamino acids 
were purchased from Sigma (St. Louis, MO), while the 
poly (acrylic acid) was acquired from Fluka (Switzerland) . 

The DNA/anionic polymer formulations were preferably 

15 prepared by aliquoting appropriate . volumes of sterile stock 
solutions of plasmid, anionic polymer and 5M NaCl to obtain 
selected final plasmid and anionic polymer concentrations. The 
anionic polymer was added to the DNA solution prior to adding 
salt for tonicity adjustment. Thus, poly-L-glutamate 

20 formulations are preferably prepared by combining an aqueous 
stock solution of sodium poly-L-glutamate (sodium salt of poly- 
L-glutamic acid) with a stock solution of purified plasmid DNA 
in saline or up to lOmM Tris, pH 7.5- After the poly-L- 
glutamic acid and DNA are combined, the solution is adjusted 

25 to a final concentration of 150mM NaCl by addition of a stock 
solution of 5M NaCl. 

The osmolality of each formulation was measured using a 
Fiske One-Ten Micro-Sample Osmometer (Fiske Associate, Norwood 
MA) . Formulations were also characterized by measuring the 
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optimal density at 260 and 280 nm, and by determining plasmid 
conformation on a 1% agarose gel. 

Stability Test For Plasmid In The Formulation 

For the analysis of pDNA stability in the formulation, 50 
ng of formulated pDNA with 5 microliters of tracking dye was 
loaded into 1% agarose gel in 1% tris-acetate-EDTA (TAE) buffer 
and run the gel at 100 volts for 1-2 hours. The gel was then 
stained with SYBR Green II (Molecular Probes, Inc.) for 20 
minutes. The stained gel was washed with water and % of 
supercoiled and open circled DNA was determined using a 
Fluorinate (Molecular Dynamics Co., Sunnyvale, CA) . 

Elisa protocol 

High affinity assay plates were coated with antigen 
diluted in PBS (50 microliters/well) and placed at 4°C 
15 overnight. After allowing plate (s) to come to room 
temperature, all wells were blocked with 200 microliters/well 
of 4% BSA/4% NGS solution made in IX PBS/Tween20 for 1 hr at 
37 ° C. Add serum samples (50 microliters/well at a starting 
dilution of 1:100 in 4% BSA/4% NGS/PBS/Tween20 , in duplicate) 
20 and incubate for 1-2 hours at 37 ° C. Wash plats (s) with 
PBS/Teen 20 and add 50 microliters/well of HRP- conjugated 
secondary, diluted in 1% BSA, and incubate at 37°C for 1 hour. 
Wash plate (s) with PBS/Teen 20 and add 100 microliters/well of 
TMB soluble reagent. Incubate at room temperature for 10 
25 minutes and stop the reaction by adding 50 microliters/well of 
0.2M I^SO^. Read plate (s) at 450 nm. 
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Plasmids 

Plasmids pAP1166 and pFN0945 (SEQ. ID. NO. 3) containing 
a CMV enhancer-promoter and either a human placental secreted 
alkaline phosphatase reporter gene (SEAP) (pAP1166) or the 
5 coding region of hF.IX (pFN0945 SEQ. ID. NO. 3) were 
manufactured and purified at Valentis, Inc. The plasmid map 
of pFN0945 is shown in Figure 17. Human factor IX (hF.IX) 
plasmid was prepared by inserting a synthetic coding sequence 
in which rare codons were converted to prevalent ones and 

10 potential cryptic splice sites were abrogated (Oberon 
Technologies Inc., Alameda, CA) . The hF.IX coding sequence was 
inserted into the Valentis plasmid backbone containing a 107 
bp 5'UTR, a 117 bp synthetic intron, the human growth hormone 
polyadenylation signal, a PUC12 origin of replication and a 

15 kanamycin resistance gene. The hF.IX gene was driven by the 
CMV enhancer/promoter . Plasmids were grown in Escherichia coli 
DH5ct and were purified using a proprietary method involving 
alkaline lysis and chromographic methods {Abruzzese, R.V. , et 
al. (1999) Hum Gene Ther 10:1499-1507, incorporated herein 

20 by reference) . # The human secreted alkaline phosphatase (SEAP) 
and human erythropoietin plasmids were identical to the hF.IX 
plasmid except for the coding region. 

Experimental Animals 

Male C57BL/6 mice (19-21 g) , male CD-I mice (29-31g) , 
25 male C.B-17/lcrCrl-scid-bgBR (SCID BEIGE) mice (7 weeks of age) 
and female C57BL/6 mice (7-8 weeks) were obtained from Charles 
River Laboratories and were acclimatized for a 3-7 day period 
in a 12 hour light -dark cycle at 23°C/4 0 % RH in accordance 
with state and federal guidelines. Food (Purina rodent chow) 
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and water were provided ad libitum. The animals were housed 
in hepa-filtered caging units (4 mice per isolator) with 
sterilized bedding food and water. Cage exchange and all 
manipulations with the SC1D mice were performed in a laminar 
5 flow 'hood. Animals were anesthetized via intraperitioneal (IP) 
injection with a combination anesthesia (Ketamine, Xylazine and 
Acepromazine) at a dose of 1.8-2.0 mL/kg (mice). Beagle dogs 

(Harlan, Indianapolis, IN) were maintained at Stillmeadow, Inc. 

(Sugarland, TX) in accordance with the guidelines of the 
10 Institutional Animal Care and Use Committee. 

Animal Injections 

After anesthestia, hind limbs were shaved and scrubbed 
with betadine followed by 70% ethanol. 10 microliters of the 
formulation was injected with 10 micrograms of formulated 

15 plasmid using a 0.3-ml insulin syringe with a 28-gauge> 0.5 
needle (Becton Dickinson, Granklin Lake, NJ) . The injected 
volumes in mice were 25 microliters and 50 microliters in the 
cranial tibialis and gastrocnemius, respectively. Where 
indicated, seven days after formulation injection, the animals 

20 were sacrificed by C0 2 asphyxiation and the tibialis anterior 
muscles was harvested, quickly immersed in liquid nitrogen, and 
lyophilized overnight. The dried muscles were used or stored 
at -80°C for further determination of reporter gene activity. 

Device and Dosing Regimens 
25 Plasmid formulated at the required dose was administered 

in rodents by longitudinal injection in both tibialis cranialis 
or in both gastrocnemius muscles (bilateral administration) . 
By holding the entire lower leg between the caliper electrodes 
good "electrotransfection" could be obtained. Approximately, 
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two minutes after injection, an electric field was applied in 
the form of 2 square wave pulses (one per second) of 25 
millisecond ( u ms") each and 375 V/cm delivered by an Electro 
Square Porator (T820, BTX, San Diego, CA) . The clamp 
5 electrodes consist of 2 stainless steel parallel plate calipers 
(1.5 cm 2 ) that are placed in contact with the skin so that the 
leg is held in a semi-extended position throughout pulse 
administration. The separation distance of the electrodes is 
described. Typically the leg of the mouse was positioned 

10 between the two plates, which were compressed together until 
snug with a 3-4 mm separation distance between the plates. Two 
25 ms pulses at a voltage of 375 V/cm were then generated with 
a T-820 Electro Square Porator (Genetronics, San Diego, CA) . 
The pulses were administered at a rate of -l/second. 

15 Dogs were anesthetized with isofluorane for the injection 

and electroporation procedures. A 6 -needle array electrode was 
used (Genetronics, San Diego, CA) (Jaroszeski 7 M.J., et al. 
(1997) Biochim Biophys Acta. 1334:15-18). The electroporation 
regimen was G pulses of 60 ms duration at a voltage of 200 

20 V/cm. The polarity of the pulse was reversed following each 
pulse under the control of an Auto Switcher (Genetronics, San 
Diego, CA) . Following the electroporation procedure the skin 
above injected muscle was tattooed to identify the injection 
site for later analysis. Carbon particles were also injected 

25 in some of the muscles following electroporation as a marker 
of the injection site for histological analyses. 

In one embodiment, the gene delivery approach uses a low 
voltage (375 V/cm) , long pulse (25 ms) electroporation regimen 
in mice, in contrast to other protocols that use high voltage 
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(1,800 V/cm) and short pulse (100 \ls) parameters (Vicat, J.M. , 
et al (2000) Hum Gene Ther 11:909-916) . 

Serum Assays 

Blood samples were collected at the appropriate time 
5 points following plasmid administration. Mice were 

anesthetized IP with Ketamine (60 mg/kg) (Phoenix Scientifics, 
Inc., St Louis, MO). A proparacaine hydrochloride opthalmic 
solution (Solvay Animal Health Inc., Mendota Heights, MN) was 
applied to the eye. The blood was collected in Microtainer® 

10 serum separator tubes (Becton Dickinson, Franklin Lakes, NJ) 
and allowed to clot for 15-30 minutes before centrifuging at 
7,000 rpm for 5 minutes. Serum levels of SEAP were determined 
using a chemiluminescence assay (Tropix, Bedford, MA) following 
the manufacturers instructions. 

15 For F.IX assays, blood samples were obtained from the 

retro-orbital plexus of mice. Approximately 250 microliters 
of blood were collected in EDTA microtainer tubes (Becton 
Dickinson, Franklin Lakes, NJ) . The blood was centrifuged at 
~5,000g for 5 minutes. Plasma samples were frozen at -80°C and 

20 stored until used for analysis. Plasma hF.IX levels were, 
determined using the Asserachrom IX:Ag human F.IX ELISA kit 
(Diagnostica Stago, France). Purified human F.IX (Sigma, St. 
Louis, MO) was used to generate a standard curve. For dogs, 
blood was collected from the jugular vein of conscious animals 

25 into EDTA plasma tubes. Reference plasma for the ELISAs was 
obtained from each animal prior to treatment. Serum levels of 
erythropoietin were determined using a commercially available 
ELISA kit from R&D Systems (Minneapolis, MN) . 
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Western Blot Analysis 

Purified hF.IX (Sigma, St. Louis, MO) in sample buffer 
(0.5 M Tris, 1.5% SDS, 4% p-mercaptoethanol, 10% glycerol, 
0.03% bromphenol blue) was loaded on a 10% glycine Tris 
5 polyacrylamide gel (Novex, San Diego, CA) . Following 
electrophoresis, protein was transferred to a nitrocellulose 
membrane (Novex, San Diego, CA) . The membranes were then 
incubated first in canine plasma (1:50) from either treated 
animals or normal dogs (negative control) . For the positive 

10 control the membrane was incubated in normal canine plasma 
spiked with rabbit anti-hF.IX antibody (-1:1,000 final). The 
second antibody was either horseradish peroxidase (HRP) - 
conjugated rabbit anti-canine antibody (Sigma, St. Louis, MO) 
or HRP conjugated sheep anti-rabbit antibody (Sigma, St. Louis, 

15 MO) . Bands on the blots were visualized using a peroxidase 
substrate kit (Vector Laboratories Inc., Burlingame, CA) . 

Creatine Kinase (CK) 

Serum collected from the dogs was frozen and shipped on 
dry ice by overnight courier to IDEXX Veterinary Services (West 
20 Sacramento, CA) for analysis of CK levels by standard 
methodology. 

Histological Analysis and Fiber-Typincr 

For hF.IX immunohistochemistry in mouse tissue a method 
modified from Herzog et al. (1997) Proc. Natl. Acad. Sci. U 
25 S A 94(11), 5804-5809, was used. Briefly, 10 micrometer 
cryosections of tissue were fixed in 3% paraformaldehyde for 
15 minutes, rinsed in PBS, treated with methanol for 10 
minutes, washed three times in PBS and then blocked in 20% 
normal goat serum. Sections were subsequently incubated for 
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1 hour with an affinity-purified rabbit anti -hF.IX (Dako Corp., 
Carpinteria, CA.) that was diluted 1:6,000 in PBS/l%BSA. The 
sections were rinsed PBS and incubated with biotinylated goat 
anti-rabbit IgG (Vector Laboratories, Burlingame, CA. ) diluted 
5 1:400 in PBS for 30 minutes. The sections were rinsed and hF.IX 
staining was visualized using the Elite ABC reagent (Vector 
Laboratories, Burlingame, CA.) at a dilution of 1:80 for 30 
minutes followed by a 5 minute incubation in a DAB solution 
(Vector Laboratories, Burlingame, CA.). The sections were 

10 counterstained with Mayer's hematoxylin (VWR, Houston, TX) . 
All incubation steps were at room temperature. 

For ATPase fiber subtyping, 10 micrometers of muscle 
tissue cryosections (serial sections of those used for the 
hF.IX staining) were incubated for 5 minutes in barbital 

15 acetate buffer, pH 4.6, transferred to ATPase solution, pH 9.4, 
for 20 minutes, washed three times in 1% calcium chloride, 
washed for 5 minutes in 2% cobalt chloride, washed ten times 
in 0.01 M sodium barbital wash solution, and rinsed in 
distilled water for 5 minutes. To visualize the ATPase 

20 activity, sections were dipped into 1.5% ammonium sulfide for 
20 seconds, rinsed in distilled water, dehydrated in ethanol, 
and coverslipped. At pH 4.6, type I fibers stain dark brown, 
type IIA fibers stain very light brown and type IIB fibers are 
intermediate . 

25 For dogs, muscle samples were harvested and immediately 

placed in 10% neutral buffered formalin overnight at room 
temperature. The tissue was dehydrated using alcohol and then 
embedded in paraffin. Sections were cut and stained with 
Mayer's hematoxylin and eosin (Sigma, St. Louis, MO) . 
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All microscopy was performed with an Olympus BX-40 
(Olympus America, Melville, NY) microscope equipped with a DXC- 
960MD color video camera (Sony Corp., Japan) . 

EXAMPLE I; Determination of Formulation and Delivery 
5 Parameters Using Reporter Genes 

Formulating DNA with anionic polymers increases 
electroporation-mediated gene expression after an intra- 
muscular injection. An example of an anionic polymer is an 
excess of non-coding DNA, which can increase transgene 

10 expression. The protocol that was regularly used to transfect 
the myofibers of CD-I or C57BL/6 mice consisted of an injection 
of a DNA solution followed, two minutes later, by the 
electroporation of the injected muscle with a clamp electrode. 
A constant mass (0.75 micrograms, 2.5 micrograms or 15 

15 micrograms) of a plasmid DNA coding for the SEAP (human 
placental secreted alkaline phosphatase) gene with various 
amounts of an empty plasmid was co-injected in the tibialis 
cranialis muscle of CD-I mice. Empty plasmid means that the 
plasmid does not carry the coding sequences for SEAP or, 

20 preferably, any other gene. 

Figure 1 shows SEAP serum concentrations at day 7 post 
injection of SEAP pDNA/ empty DNA mixtures in the tibialis 
cranialis muscle of CD-I mice and electroporation of the 
tissue. Various SEAP pDNA amounts (0.15 micrograms, 0.75 

25 micrograms, 2.5 micrograms, 6.25 micrograms and 15 micrograms) 
and empty pDNA excess (relative to the coding pDNA) were 
administered in 50 microliters per animal (half this dose per 
leg) . For each dose of SEAP pDNA tested, SEAP concentration 
in the serum at the peak ' of expression (day 7 post 



WO 01/66149 



PCT/DS01706953 



injection/electroporation) increased substantially when a 2- 
fold excess of. empty pDNA was co- administered with the coding 
pDNA. For instance, SEAP expression in these conditions with 
2.5 micrograms SEAP pDNA was similar to that obtained with 6.25 
5 micrograms SEAP pDNA without an empty plasmid. When the amount 
of SEAP pDNA administered was 2.5 or 15 micrograms , increasing 
further the excess of empty vector (6, 30 and 120 -fold) 
resulted in a continuous decrease of SEAP expression. 
Conversely, for the lowest amount of coding pDNA (0.75 
10 micrograms) , SEAP expression was maintained when a 6 -fold 
excess of empty DNA was co- injected. 

This non-monotonous evolution of SEAP expression as the 
amount of empty DNA pre -mixed with the SEAP pDNA is increased 
reflects the interplay of two phenomena. First, the addition 
15 of the empty pDNA enhances gene expression due to the 
saturation of a DNA degradation mechanism or the saturation of 
a process that deactivates the DNA (e.g., binding to cationic 
entities such as divalent cations or histones, in the 
interstitial fluid and in the myocytes nuclei, respectively). 
20 This effect can result either in an increased intracellular (or 
intranuclear) uptake or in a more efficient processing of the 
SEAP pDNA in the nucleus. Second, the empty vector competes 
with the SEAP -coding DNA in some of the steps that leads to 
transcription of the transgene, which results in a decrease of 
25 SEAP expression. These steps include the distribution of the 
DNA in the interstitial fluid prior to electroporation, the 
intracellular entry through the electropores, the trafficking 
to the nuclei, the entry in the nuclei and the binding to 
transcription factors. 
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Thus, polynucleotides having non-coding sequences or 
preferably random sequences may function to protect against 
degradation in vivo of plasmid carrying a gene intended to be 
expressed in an animal. 
5 In addition to using polynucleotides or empty plasmid to 

enhance transgene expression and protect against degradation, 
other anionic polymers may also be used. These anionic 
polymers may include poly-amino acids (such as poly-L-glutamic 
acid f poly-D-glutamic acids, poly-L-aspartic acid, poly-D- 
10 aspartic, and combination thereof) or poly-organic acids (such 
as poly-acrylic acid) which exhibit beneficiary effects similar 
to the empty plasmid, but which do not compete with the SEAP 
pDNA in the processes described above. 

Some anionic polymers were found to be considerably more 
15 potent than non-coding DNA to increase transgene expression. 
Anionic polymers with various origins, molecular weights, 
conformations and charge densities were mixed at various 
concentrations with the SEAP pDNA (0.05 mg/ml) prior to 
injection in the tibialis cranialis muscle of CD-I mice. Seven 
20 days after the in j ection/electroporation procedure (at the peak 
of expression), SEAP serum concentrations were determined . (Fig. 
2) . At the low D:iA dose tested (1.25 micrograms per tibialis) , 
some of the anionic polymers selected considerably increased 
SEAP expression. The highest SEAP levels were obtained with 
25 the GO kDa poly-acrylic acid (pAA) at 3 . 0 mg/ml and the 2-15 
kDa poly-L-glutamic acid at 6.0 mg/ml. Co-administration of 
these anionic polymers with the SEAP pDNA enhanced expression 
by 10 and 8-fold, respectively (Fig. 2) . 

In order to characterize further the beneficiary effect 
30 provided by the anionic polymers, the same type of experiment 
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as that mentioned above was carried out, but at a 10 -fold 
higher DNA concentration of 0.5 mg/ml. Figure 2 shows SEAP 
serum concentrations at day 7 post injection of naked SEAP pDNA 
or SEAP pDNA/anionic polymer mixtures in the tibialis cranialis 
5 muscle of CD-I mice and electroporation of the tissue. The 
amount of SEAP pDNA administered per animal was 2 . 5 micrograms 
in 50 microliters (half this dose per leg) . The concentration 
of the anionic polymer in the injected solution varied as 
indicated on the graph. Figure 3 shows the same thing as Fig. 

10 2, except that the amount of SEAP pDNA administered per animal 
was regularly (unless mentioned) 25 micrograms in 50 
microliters (half this dose per leg) . The concentration of the 
anionic polymer (or anionic monomer when applicable) in the 
injected solution varied as indicated on the graph. 

15 At this high DNA concentration, the range of enhancements 

in SEAP expression resulting from the addition of an anionic 
polymer was lower than that observed previously (Fig. 2, 3) . 
In particular, the poly- acrylic acids, highly efficient at a 
low DNA dose, were almost inactive. However, the polypeptides 

20 still increased SEAP expression substantially (up to 2 -fold 
with the 2-15 kDa poly-L-glutamic acid at 6.0 mg/ml). This 
result was particularly remarkable given that SEAP expression 
was reaching a plateau at this concentration of DNA. Indeed, 
when the DNA was administered tt naked" f SEAP expression was 

25 enhanced by only 50% and 15% following an increase in DNA 
concentration by 3 -fold (from 0.5 mg/ml to 1.5 mg/ml) and 10- 
fold (to 5.0 mg/ml), respectively (Fig. 3). 

The fact that the L-glutamic acid monomer was unable to. 
increase expression, in contrast to the 2-15 kDa polymer (Fig. 

30 3), demonstrated that a macromolecule is necessary to provide 
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the effect that leads to higher expressions . When the results 
from the two separate experiments partially displayed in Pig. 
2 and Fig. 3 are gathered in the composite graph (Fig. 5A) , the 
evolution of SEAP expression as a function of DNA concentration 
5 can be compared for the naked DNA injection and two of- the 
DNA/anionic polymers treatments (namely DNA / 2-15 kDa poly-L- 
glutamic acid at 6.0 mg/ml and DNA / 60 kDa poly-acrylic acid 
(pAA) at 3.0 mg/ml) . Two different trends appear clearly after 
adding an anionic polymer to the DNA solution. In the case of 

10 the 60 kDa poly-acrylic acid, the increase in SEAP expression 
(compared to naked DNA) is high but restricted to low and 
intermediate DNA concentrations. In the case of the 2-15 kDa 
polyL-glutamic acid f the levels of expression are slightly 
lower in this range of DNA concentrations, but the beneficiary 

15 effect is still substantial at high DNA concentrations. 

The injection/electroporation procedure was conducted in 
the gastrocnemius muscle of CD-I mice, instead of the tibialis 
cranialis, to determine if the increase in expression provided 
by some anionic polymers is specific to the muscle used for 

20 expression. The anionic polymers selected were those that 
yielded the highest levels of expression in the studies 
described above, i.e., the 2-15 kDa and 50-100 kDa poly-L- 
glutamic acids as well as the 60 kDa poly- acrylic acid. Two DNA 
concentrations were tested in this study, i.e., 0.3 mg/ml (15 

25 micrograms injected per gastrocnemius) and 1 mg/ml. Figure 4 
shows SEAP serum concentrations at day 7 post injection of 
naked SEAP pDNA or SEAP pDNA/anionic polymer mixtures in the 
gastrocnemius muscle of CD-I mice and electroporation of the 
tissue. The amount of SEAP pDNA administered per animal was 

30 either 30 micrograms, 100 micrograms or 300 micrograms in 100 
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microliters (half this dose per leg) . The concentration of the 
anionic polymer in the injected solution varied as indicated 
on the graph. 

The three polymers yielded a substantial increase in 
expression at the low DNA dose (Fig. 4) . Conversely to what 
was observed when the injections were performed in the tibialis 
cranialis muscle, the 60 kDa poly- acrylic acid was most 
efficient at its lowest concentration of 0.6 mg/ml and was less 
potent than the poly-L-glutamic acids used at 6.0 or 12.0 
mg/ml. In the best conditions tested (50-100 kDa poly-L- 
glutamic acid at 6.0 mg/ml) , SEAP expression was increased by 
8 -fold over that obtained with naked DNA. At the higher DNA 
concentration, the trends described above were accentuated. 
The 60 kDa poly- acrylic acid was either inactive or inhibitory 
at high concentrations, whereas the poly-L-glutamic acids were 
still yielding a 2 to 3 -fold increase in expression. Again, 
this result was particularly remarkable, given that the 
expression levels achieved with the naked DNA treatment were 
only increased by 10% when the DNA concentration was elevated 
to 3.0 mg/ml instead of 1.0 mg/ml. 

Figure 5A shows SEAP serum concentrations at day 7 as a 
function of the amount of SEAP pDNA injected in the tibialis 
cranialis muscle of CD-I mice. Solutions administered two 
minutes before electroporation consisted of either naked SEAP 
pDNA or a mixture of SEAP pDNA and a 60 kDa poly-acrylic acid 
at 3.0 mg/ml or a mixture of SEAP pDNA and a 2-15 kDa poly-L- 
glutamic acid at 6.0 mg/ml. Figure 5B shows SEAP serum 
concentrations at day 7 as a function of the amount of SEAP 
pDNA injected in the gastrocnemius muscle of CD-I mice. 
Solutions administered two minutes before electroporation 
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consisted of either naked SEAP pDNA or a mixture of SEAP pDNA 
and a poly-L-glutamic acid at 6.0 mg/ml. When the SEAP serum 
concentration at day 7 post -injection is plotted as a function 
of the amount of DNA injected per animal as in Figure 5B, the 
5 beneficiary effect of the poly-L- glutamic acids (at 6.0 mg/ml) 
on expression appears clearly. - 

EXAMPLE II: Determination of Reporter Gene Expression Using 
Polv-Glutamic Acid without Electroporation 

In order to determine the ability of sodium poly- 

10 glutamate to increase the expression of genes encoded on 
plasmid DNA without electroporation, plasmid DNA formulated in. 
saline was compared with a formulation in sodium poly-glutamate 
for expression after direct intramyocardial injection in mice. 

Plasmid DNA encoding lucif erase (pLC0888) was 

15 formulated in saline or 6% sodium poly-L-glutamate ( (Sigma 
P4636) at plasmid concentrations of 1 and 3 mg/mL. A total of 
twenty CD-I male mice (29-31g) were used. The myocardium was 
injected directly after surgical exposure. Ten (10) 
microliters of formulation (using a 3/10 cc insulin syringe) 

20 were injected into the apex of the heart (i.e., left 
ventricle) . The heart was repositioned and the thorax sutured. 
Seven days after injection, the hearts were removed and snap 
frozen in liquid nitrogen, and stored at -80°C until needed for 
analysis. For analysis, heart muscle was bead-beat for 2 

25 minutes prior to addition of 1 milliliter of 0.5x Lysis buffer. 
The tissue was bead-beat for 5 minutes and centrifuged for 10 
mins at 13,000 rpm. The supernatants were assayed for 
lucif erase activity. The results of lucif erase expression at 
7 days after injection are shown in Figure 6. Each bar 
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represents n = 5. As shown in Figure 6, plasmid DNA formulated 
with poly-L-glutamate increased gene expression several fold 
over saline. 

EXAMPLE III : Expression of Therapeutic Genes Factor IX 
5 Expression Using Polymer Formulations 

In addition to reporter genes, experiments were also 
performed using poly-L-glutamic acids to increase the 
expression of a therapeutic gene, namely that coding for the 
coagulation factor IX. The potency of these anionic polymers 

10 was tested with pFN0945 (SEQ. ID. NO. 3 and Figure 17) at DNA 
concentrations (0.5 mg/ml and 1.0 mg/ml) for which hF.IX 
expression had reached a plateau. Figure 7 shows hF.IX serum 
concentrations at day 7 post injection of naked hF.IX pDNA or 
hF.IX pDNA/poly-L-glutamic acid mixtures in the tibialis muscle 

15 of C57BL/6 mice and electroporation of the tissue. The amount 
of hF.IX pDNA administered per animal was either 25 ug (0.5 
mg/ml) or 50 micrograms (1.0 mg/ml) in 100 microliters (half 
this dose per leg) . The concentration of the anionic polymer 
in the injected solution varied as indicated on the graph. The 

20 poly-L-glutamic acids selected differed by their molecular 
weight, ranging from 0.5-1.5 kDa (with a degree of 
polymerization (DP) of 9) to 15-50 kDa. All poly-L-glutamic 
acids tested were able to increase hF.IX expression 
substantially, especially at 6.0 mg/ml, with only small 

25 differences in potency between polymers. The highest hF.IX 
level obtained after injection in the tibialis muscle of 
C57BL/6 mice and electroporation of the tissue was 280 ng/ml, 
with a treatment consisting of DNA at 0.5 mg/ml and the 2-15 
kDa poly (L-glutamic acid) at 6.0 mg/ml. In comparison, the 
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naked DNA treatment only resulted in hF.IX levels around ISO 
ng/ml. 

Persistence of Expression from Plasmid DNA 

To determine if hF.IX expression could persist in the 
5 plasma for an extended time in the absence of an immune 
response, plasmid formulated with PVP (5%) was tested in 
immune deficient SCID beige mice. Figure 8 shows hF.IX 
expression in plasma of immune deficient (SCID beige) mice. 
Mice were initially injected with plasmid (1 mg/ml) formulated 

10 with ■ 5% PVP (25 microliters each tibialis muscle and 50 
microliters in each gastrocnemius muscle) . Consistent with 
expression patterns in immune competent mice, hF.IX levels 
peaked 7 days after injection at -120 ng/ml (Figure 8) . 
Following a 3*5% drop in hF.IX levels by 14 days after 

15 injection, expression remained fairly stable to 90 days post 
injection but had fallen to -20% of peak values by day 125. 

At day 153, the animals were re-injected with plasmid and 
electroporated in the same muscles that were used in the first 
treatment. For the second injection at day 153 (indicated by 

20 the arrow), the animals were separated into two groups. One 
group was injected with plasmid formulated with 5% PVP (n = 7) 
and the other group injected with plasmid formulated with S 
mg/ml poly-L-glutamate (n = 8) . The second injections utilized 
the same injection sites and plasmid dose that were used for 

25 the first injections. In both groups of SCID mice, plasmid re- 
administration led to a significant rise in plasma hF.IX 
levels. The group injected with plasmid formulated with poly- 
L- glutarnate had significantly higher expression than the group 
injected with PVP. This difference in expression levels 
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between the groups following the second administration was 
maintained throughout the duration of the experiment. The 
kinetics of hF.IX expression in both groups were similar to 
that seen after the first administration in that there was a 
5 significant drop from peak expression (obtained ~ 7 days after 
re-injection) within the first two weeks. 

The graphs in the insert of Figure 8 also show the effect 
of G mg/ml poly-L-glutamate on hF.IX and hEPO expression in 
comparison to saline. For these experiments , the tibialis of 

10 mice were injected with plasmid coding for hF.IX (50 
micrograms) or for human erythropoietin (75 micrograms) 
followed by electroporation. Plasma or serum samples were 
collected 7 days after treatment for analysis. All values are 
represented as mean ± SEM. A Students t-test was used to 

15 compare means and in Figure 8, * = P < 0.05. Plasmids 
formulated with poly-L-glutamate (6 mg/ml) led to a 1.5 fold 
to 5.9 fold enhancement in expression compared to plasmid in 
saline with electroporation and was dependent on the inserted 
gene (Figure 8, insert) . 

20 In the SCID mice at 10 months after the initial injection 

with PVP followed by reinject ion with a poly-L-glutamate 
formulation, the tibialis and gastrocnemius muscles were 
harvested for hF.IX immunostaining and muscle fiber typing. 
Figure 9 shows immunohistology and fiber-type of hF.IX 

25 expressing myocytes in SCID mouse muscle. Representative 
sections of SCID mouse gastrocnemius muscle from tissue that 
was harvested -300 days after the initial injection. Figure 
9A shows hF.IX immunolocalization wherein positive myocytes are 
stained dark (original magnification 10 OX) . Figure 9B shows 

30 ATPase staining (pH 4.6) of a serial section of panel A. Type 
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I fibers (dark) and type II fibers (light) are distinguished 
(original magnification 10 OX) . A representative sample of 
complementary fibers are labeled in both panels indicating both 
type I and type II fibers are expressing hF.IX. Both the 
5 tibialis and gastrocnemius muscles showed a broad distribution 
of fibers expressing hF.IX. In the gastrocnemius, expression 
was found in both type I and type II fibers in roughly equal 
proportions although the absolute number of stained type I 
fibers was much lower than type II fibers (Figure 9) . In the 

10 mouse tibialis there were few if any type I fibers and thus 
expression was observed primarily in type II fibers. Thus, 
long-term expression of hF.IX, achieved in immune compromised 
(SCID beige) mice, indicates that plasmids are stable and 
transcriptionally active in muscle for a prolonged period of 

15 time . 

Applicability to Large Animals 

The applicability of the gene delivery procedure to large 
animals is a necessary prerequisite step for the development 
of a potentially clinically useful gene therapy. Figure 10A 

20 depicts the results of plasma hF.IX levels in dogs following 
intramuscular injection of plasmid augmented by 
electroporation. Six adult dogs (beagles 9-13 kg) were 
injected with -1.6 or -2.8 mg/kg of plasmid using a multiple 
site protocol and followed by electroporation with 6 -needle 

25 array electrodes. The DNA was formulated with poly-L- 

glutamate (6 mg/ml) for these studies. The dogs were divided 
into two groups . In one group a total dose of 18 mg was 
administered intramuscularly divided into 6 sites, one in each 
of the biceps femoris, semimembranosus and cranial tibialis 
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muscles of both rear legs. In the second group, 36 mg of 
plasmid was administered intramuscularly into 12 sites, one 
each in the biceps femoris, semimembranosus, semitendinosus , 
vastus lateralis, cranial tibialis and long head of the triceps 
5 brachii muscles of the front and rear limbs. A total volume 
of 2.0 ml was administered to each site. At each site 2.0 ml 
of plasmid (1.5 mg/ml) formulated with 6.0 mg/ml poly-L- 
glutamate was injected followed by electroporation with a 6- 
needle array electrode. The 6 and 12 injection site groups had 
10 18 mg and 36 mg of plasmid injected per animal, respectively. 
Figure 10A shows the results where plasma was collected and 
analyzed by ELISA. Values are means ± SEM with n = 3 for each 
group . 

Mean values of the 12 and 6 injection site groups peak at 
15 36.1 ng/ml (day 22) and 27.2 ng/ml (day 14), respectively 
(Figure 10A) . The values for the two groups diverged at day 
22 due to an unexpected increase in mean expression in the 
group of animals injected at 12 sites. However, the expression 
levels in this group at day 22 are not significantly higher 
20 than at day 14. Regardless of this anomaly, by day 28 
expression levels of both groups were indistinguishable from 
background levels. 

Immune Response to Expressed Protein 

Figure 10B shows a western blot of purified hF.IX using 
25 treated animal serum as the primary antibody. Lane A 
represents the molecular weight marker; lane B represents the 
negative control (i.e., serum from -untreated animals) ; lane C 
represents the positive control (i.e., canine serum spiked with 
rabbit anti-hF.IX antibodies); lane D represents the 
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immunoreaction to hF.IX by the serum from a female dog from the 
G injection group (peak expression hF.IX 35.71 ng/ml) ; lane E 
represents the immunoreaction to hF.IX by the serum from a male 
dog from the 12 injection group (peak hF.IX expression 47.9 
5 ng/ml) . Thus, analysis by Western blot indicated that plasma 
from the dogs contained material that cross -reacted with 
purified hF.IX consistent with an immune response to the human 
protein (Figure 10B) . 

Furthermore , serum analysis also revealed a transient 

10 increase in creatine kinase (CK) levels that peaked two days 
after treatment, and returned to normal levels by 7 days after 
treatment indicating some muscle trauma is associated with the 
gene delivery procedure using invasive 6 -needle array 
electrodes. This response is clearly dose dependent with the 

15 animals administered the higher dose (12 injection sites) 
having higher peak levels of CK on day 3 than did the animals 
from the 6 injection sites group. A histological examination 
• of the different injected muscles revealed some muscle damage 
approximately 1 month after treatment. In most instances, no 

20 histological changes were noted or were restricted to small 
focal points, where there were indications of myocyte loss and 
infiltrating monocytes. In rare instances, the injection site 
was characterized by areas of necrotic tissue and associated 
myocyte loss. This type of damage was also observed in mice 

25 at earlier time points after treatment (2 weeks) when the 
caliper electrodes were used, but the muscles recovered to 
normal histology over time (data not shown) . There was no 
indication that a particular muscle type was more susceptible 
to tissue damage than another. 
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Expression is Dose Dependant 

To establish that expression of hF.IX in canine muscle 
was dose-dependent, biceps femoris and tibialis cranialis of 
the left and right hindlitnbs of 11 -week- old dogs were used for 
5 the gene delivery protocol. Formulated plasmid was injected 
into 4 sites in each dog (left and right tibialis cranialis , 
left and right biceps femoris) . The plasmid concentration was 
3.0 mg/tnl. Injected volumes (at each site) were 0.12 ml, 0.36 
ml, 0.60 ml and 1.2 ml for each group. Serum was collected 7 

10 days after treatment for analysis (peak levels) . To normalize 
for variations in the animals' weight, absolute hF.IX levels 
are represented (determined by estimating blood volume at 7% 
of the dogs weight) . Values are means ± SEM with n = 3 for 
each group. Values are means ± SEM per animal with n = 4 for 

15 each group. Plasma hF.IX levels increased with increasing 
amounts of plasmid from 0.8 mg/kg up to 2.3 mg/kg. At high 
doses of plasmid (5.3 mg/kg) mean expression levels were lower 
than obtained at the 2.3 mg/kg dose but the difference was not 
significant. 

20 Using plasmid injected into skeletal muscle followed 

immediately with electroporation, we have achieved 
therapeutically significant levels of hF.IX expression in the 
plasma of mice and dogs. 

Optimized hF.IX Sequence 
25 The above experiments were performed with plasmid pFN0945 

(SEQ. ID. NO. 3 and Figure 17) , which has the natural human 
nucleic acid sequence encoding for hF.IX. For gene therapy 
applications in human, pFN0945 may also be used, but a codon 
optimized sequence for hF.IX may be preferred when higher 
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expression is desired due to higher translation of a codon 
optimized raRNA. An example of a codon optimized sequence for 
hF.IX is plasmid pFN1645, which is disclosed as SEQ. ID. NO. 
4 and shown in Figure 18. 

5 EXAMPLE IV: Expression of Therapeutic Genes 

The ability of poly-L-glutamate to increase the 
expression of a non- viral erythropoietin ( w EPO") gene was also 
undertaken. Using quantitative polymerase chain reaction 
(qPCR) analysis, plasmid formulated in Poly-L-Glutamate 
10 resulted in at least a log increased levels of mEPO DNA 
compared with animals receiving a saline/DNA formulation. 

EPQ Expression Using Polymer Formulations 

The mEPO coding sequence was inserted into the Valentis 
plasmid backbone containing a 107 bp 5'UTR, a 117 bp synthetic 

15 intron, the human growth hormone polyadenylation signal, a 
PUC12 origin of replication and a kanamycin resistance gene as 
aforementioned. The mEPO gene was driven by the CMV 
enhancer/promoter . The complete sequence of the resulting 
plasmid pEP1403 containing the mEPO gene is disclosed in the 

20 sequence listing as SEQ. ID. NO. 2 and the plasmid map is. shown 
in Figure 19. Plasmids were grown in Escherichia coli DH5a and 
were purified using a proprietary method involving alkaline 
lysis and chromographic methods (Abruzzese, R.V. , et al. 
(1999) Hum Gene Ther 10:1499-1507, incorporated herein by 

25 reference) . 

Animals received CMV-mEPO formulated either in 15-50 kDa 
poly-L-glutamate or in saline. Plasmid formulations were 
injected intramuscularly in each leg, 25 microliters in each 
tibialis, 50 microliters in each gastrocnemius followed by 
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electroporation 2 mill after injection (375 V/cm (113 V/0.3 cm), 
2 pulses, 25 msec pulse length. At defined time intervals, 
blood was collected by retro- orbital methods and hematocrit 
levels determined or the serum assayed for EPO levels. 
5 At indicated times, total muscle DNA was extracted and 

levels of were quantified by qPCR as follows: Plasmid DNA 
quantities in mouse muscles were determined by conducting 
TaqMan real time quantitative PGR (Applied Biosystems, Foster 
City, CA) on isolated DNA samples as previously described 

10 (Mahato, R.I. et al. Hum. Gene Ther. 9, 2083-2099 (1998)). The 
primers used in the PCR were a forward primer, which primes in 
the 5' untranslated region, and a reverse primer, which primes 
in the mouse EPO coding region. The probe sequence was located 
within the EPO gene. Purified CNTV-mEPO plasmid DNA was used 

15 to generate a standard curve for the PCR assay. As shown in 
Figure 11, formulation in poly-L-glutamate results in a several 
fold increase in the amount of plasmid DNA that can be detected 
in tissues after electroporation. 

For mEPO expression determination, 75 mg pEP1403 (SEQ. 

20 ID. NO. 2) in 150 ml was delivered to C57BL/6 mice, 25 
microliters per tibialis, 50 microliters per gastrocnemius. 
Plasmid was formulated in saline or 6 mg/mL poly-L-glutamate . 
Figures 12 and 13 depict mEPO expression and Figure 12 also 
depicts the hemotocrit level in mice following delivery of the 

25 mouse EPO gene by electroporation using saline and sodium poly- 
L-glutaraate formulations . 

As shown in Figures 12 and 13, delivery in a poly- 
glutamate formulation results in considerably higher levels of 
expressed protein than when the plasmid DNA is delivered in 

3 0 saline. Because a very small amount of erythropoietin is 
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required to give a maximal increase in hematocrit, the induced 
hematocrit levels shown on Figure 12 do not differ between 
saline and polyglutamate formulations. However, because 
polyglutamate results in more efficient transf ection, it is 
5 expected that lower amounts of DNA can be administered using 
polyglutamate formulations . 

EXAMPLE V: Expression of Therapeutic Genes 

Interferon Alpha Expression Using- Polymer Formulations 

The hlNFct 2b coding sequence was inserted into the 

10 Valentis plasmid backbone containing a 107 bp 5'UTR, a 117 bp 
synthetic intron, the human growth hormone polyadenylation 
signal, a PUC12 origin of replication and a kanamycin 
resistance gene. The hINFa gene was driven by the CMV 
enhancer /promoter. The complete sequence of the resulting 

15 plasmid pIF0921 containing the hINF-a gene is disclosed in the 
sequence listing as SEQ. ID. NO. 1 and the plasmid map is shown 
in Figure 20. Plasmids were grown in Escherichia coll DH5a and 
were purified using a proprietary method involving alkaline 
lysis and chromographic methods (Abruzzese, R.V. , et al. (1999) 

20 Hum Gene Ther 10:1499-1507, incorporated herein by reference) . 

For expression analysis, 25 microliters plasmid 
formulations either in poly- glut amate or in saline that had 
varying DNA concentrations (1 . 0 mg/ml, 0 . 1 mg/ml and 0 . 01 
mg/ml) were injected into each tibialis-both legs were 

25 electroporated with caliper electrodes at 375V/ cm, 2 pulses, 
25 ms each pulse. For analysis, serum was collected via retro 
orbital bleeds (days 4, 7, 14 and 30) . A commercially 
available ELISA (Endogen) was used to determine INF-a levels. 
As shown in Figures 14A and B, a significant enhancement of 
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hINF- a expression in CD-I mice was obtained using plasmid 
formulated with 6 mg/ml poly-L-glutamate at both 5 and 50 
microgram DNA doses. 

EXAMPLE VT: Nuclease Protection of Plasmid DNA formulated in 
5 Polv-L-Glutamate 

Experiments were undertaken to determine the ability of 
poly-L-glutamate and Pluronic F68 to protect plasmid DNA from 
nuclease digestion. DNase I was obtained from Gibco/BRL 
(#18068-015) . The sodium salt of poly-L-glutamic acid, 2 - 

10 15kDa was obtained from Sigma. Pluronic F68 was obtained from 
Spectrum. Polymer/DNA 2x stock solutions were prepared 
(Pluronic FG8 = 200 micrograms/ml plasmid DNA in 10% F68; Poly- 
L-glutamate = 200 micrograms/ml plasmid DNA in 12 mg/ml sodium 
poly-L-glutamate). DNase dilutions from 1:10 to 1:10,000 were 

15 prepared in lx DNase buffer. The final reaction mixtures 
included 25 microliters of the formulation, 15 microliters of 
water, 5 microliters of lOx DNase buffer and 5 microliters of 
Dnase that were added in the order listed* The reaction 
mixtures were incubated for 15 minutes at 37° C. and terminated 

20 by addition of EDTA prior to gel electrophoresis. 

The results of the DNase protection assay are shown in 
Figure 15. Panel A represents a DNA in saline formulation; 
Panel B represents DNA formulated in 5% Pluronic F68; Panel C 
represents DNA formulated in G mg/ml poly-L-glutamate. Lane 

25 A represents the negative control (i.e., plasmid DNA without 
Dnase); lane B represents the positive control (i.e., plasmid 
DNA and DNase mixed 1:1); lanes C-G represents the experimental 
conditions wherein DNA formulated with either saline (Panel A) , 
F68 (Panel B) , or poly-glutamate (Panel C) were mixed with 
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DNase diluted 1:1 (lane C) ; 1:10 (lane D);l:100 (lane E) ; 
1:1,000 (lane F) ; and 1: 10,000 (lane G) . In saline, DNase at 
1:100 is able to abolish the lower band of supercoiled plasmid 
in addition to degradation of the DNA resulting in a smear of 
5 different molecular weights on the gel. In contrast, both 
poly-L-glutamate and Pluronic F68 were able to confer 
protection from DNase degradation at 1:100 dilution. 

EXAMPLE VII: Long-Term Biological Stability of DNA 
formulated in Poly-L-Glutamate 
10 Experiments were also undertaken to evaluate the 

stability of liquid poly-L-Glutamate (15-50 kDa) /DNA 
formulations . 

Animals :. 

108 CD-I mice (29-31g) were obtained from Charles Rivers 
15 Labs. The animals were housed in microisolators (10 mice per 
isolator) in the Laboratory Animal Resource (LAR) vivarium and 
maintained at 12 /12 h day /night cycle, room temperature 72 9 F 
(23° C) , and humidity 40%. Food (Purina rodent chow) and water 
was provided ad libitum. Combination anesthesia consisting of 
20 a mixture of Ketamine (74.0 mg/ml) , Xylazine (3.7 mg/ml) , and 
Acepromazine (0.73 mg/ml) was administered IP at a dosage of 
1.8-2.0 ml/kg. 

Treatment Groups and Routes of Administration: 

The animals were randomly divided into treatment groups 

m 

25 with 6 (tibialis) or 5 (gastrocnemius) mice/group. For the 
tibialis groups, 25 microliters of the formulations described 
below were injected in each tibialis muscle, i.e. 50 
microliters in total volume per mouse. For the gastrocnemius 
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groups, 50 microliters of the formulations described below were 
injected in each gastrocnemius muscle, i.e. 100 microliters in 
total volume per mouse. 

Formulations 

5 Formulations were prepared in 150 mM NaCl, 5 mM Tris-HCl, 

pH 7.5. SEAP encoding plasmid pAP1166.157 at 1 mg/ml was used. 
Plasmid and poly-L-Glutamate {15-50 kDa) were formulated as 
follows . 

Formula- pDNA cone. 

10 tion (mg/ml) salt Poly-L-Glu Buffer 

A 1.0 150 mM 6.0 mg/ml 5 mM Tris/pH 7.5 

B 0 150 mM 6.0 mg/ml 5 mM Tris/pH 7.5 

15 

For the liquid formulations, A (0.5 ml) and B (1.5 ml) of 
the same storage conditions were mixed (or rehydrated with 
water and mixed for the lyophilized samples) right before use 
for in-vivo testing (in the gastrocnemius and tibialis muscles 

20 of CD-I mice) and QC analysis. The final DNA concentration of 
the mixture was 0.25 mg/ml. Each A n /B n couple was tested at 
day 8, 21, 60 and 105. As a control, a fresh sample of 0.5 ml 
of A and 1 . 5 ml of B was tested at every time point . As a 
fresh naked DNA control, a sample of 0.5 ml of A (A not 

25 including poly-L-Glutamate) and 1.5 ml of B (B not including 
poly-L-Glutamate) was tested at every time point. 

The lyophilization/storage conditions for which results 
are shown in Figure 16 were the following: 



30 



WO 01/66149 



PCT/US01/06953 



61 



Group Physical storage condition Tenperature 

A Lyophilization (storage N.A. for +4°C 
the sample tested right after 
5 completion of the lyophilization 
cycle) 

B Liquid -20°C 

C Liquid +4°C 

10 D Liquid +25°C 

E Liquid +37°C 

F Liquid +50°C 

G Liquid/storage with a freeze/thaw/ -2 0 °C 
freeze cycle at day 2, 4 
15 (and 10, 17 , 24, 31, 38, 45, 52 
and 59 if applicable) 

H Fresh DNA/pGlu 

I Fresh naked DNA 



20 Figure 16 depicts the results of the final 105 day time 

point and indicates the biological activity of the DNA under 
different storage conditions. As indicated on Figure 16, 
plasmid DNA at 1 mg/ml formulated in poly-L-glutamate at 6 
mg/ml is stable for over three months in liquid solution at 

25 room temperature- Poly-L-glutamate also protected the DNA 
against degradation during freeze thawing and lyophilization. 

One skilled in the art would readily appreciate that the 
present invention is well adapted to carry out the objects and 
obtain the ends and advantages mentioned, as well as those 

30 inherent therein. The molecular complexes and the methods, 
procedures, treatments, molecules, specific compounds described 
herein are presently representative of preferred embodiments 
are exemplary and are not intended as limitations on the scope 
of the invention. Changes therein and other uses will occur 



WO 01/66149 



PCT/US01/06953 



62 

to those skilled in the art which are encompassed within the 
spirit of the invention are defined by the scope of the claims. 

It will be readily apparent to one skilled in the art 
that varying substitutions and modifications may be made to the 
5 invention disclosed herein without departing from the scope and 
spirit of the invention. 

All patents and publications mentioned in the 
specification are indicative of the levels of those skilled in 
the art to which the invention pertains. All patents and 

10 publications are herein incorporated by reference to the same 
extent as if each individual publication was specifically and 
individually indicated to be incorporated by reference. 

The invention illustratively described herein suitably 
may be practiced in the absence of any element or elements, 

15 limitation or limitations that is not specifically disclosed 
herein. The terms and expressions which have been employed 
are used as terms of description and not of limitation, and 
there is no intention that in the use of such terms and 
expressions of excluding any equivalents of the features shown 

20 and described or portions thereof, but it is recognized that 
various modifications are possible within the scope of the 
invention claimed. Thus, it should be understood that although 
the present invention has been specifically disclosed by 
preferred embodiments and optional features, modification and 

25 variation of the concepts herein disclosed may be resorted to 
by those skilled in the art, and that such modifications and 
variations are considered to be within the scope of this 
invention as defined by the appended claims. 

Those references not previously incorporated herein by 

30 reference/ including both patent and non-patent references, are 



WO 01/66149 



PCT/DS01/06953 



63 

expressly incorporated herein by reference for all purposes. 
Other embodiments are within the following claims. 
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Claims 

1. A formulation for delivery of a nucleic acid 
molecule to a cell, comprising a nucleic acid and an anionic 
polymer, wherein the anionic polymer is non-encapsulating. 

5 2. The formulation of claim 1 7 wherein the formulation 

is non- condensing. 

3. The formulation of claim 1, wherein said anionic 
polymer is selected from the group consisting of: poly-nucleic 
acids, poly- amino acids, poly- acrylic acid, poly galacturonic 

10 acid, and poly vinyl sulfate. 

4. The formulation of claim 3, wherein the anionic 
amino acid polymer is selected from a group consisting of: poly 
glutamic acid, poly aspartic acid, a polymer consisting of 
glutamic acid and aspartic acids, and salts thereof. 

15 5. The formulation of claim 4, wherein the poly-L- 

glutamic acid is characterized by a molecular weight in the 
range from 2,000 to 100,000 Daltons. 

6. The formulation of claim 5, wherein the poly-L- 
glutamic acid or poly-aspartic acid is characterized by a 

20 molecular weight in the range from about 15,000 to about 50,000 
Daltons. 

7. The formulation of claim 5, wherein the poly-L- 
glutamic acid or poly-aspartic acid is characterized by a 
molecular weight in the range from about 2,000 to about 15,000 

25 Daltons. 
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8. The formulation of claim 5, wherein the poly-L- 
glutamic acid or poly-aspartic acid is characterized by a 
molecular weight in the range from about 50 # 000 to about 
100,000 Daltons. 

5 9. The formulation of claim 3, wherein the poly- amino 

acid or salt thereof is formulated with the nucleic acid 
molecule at a polymer concentration ranging from 1 to 12 mg/ml. 

10. The formulation of claim 9, wherein the poly-amino 
acid or salt thereof is formulated with the nucleic acid 

10 molecule at a polymer concentration of about 2 to about 6 
mg/ml . 

11. The formulation of claim 1, wherein the formulation 
is isotonic . 

12. The formulation of claim 1, wherein the polymer 
15 enhances delivery of the nucleic acid to the bell in vivo. 

13. The formulation of claim 12, wherein the polymer 
enhances delivery of the nucleic acid to a cell in a muscle 
tissue in vivo. 

14. The formulation of claim 12, wherein the polymer 
20 enhances delivery of the nucleic acid to multiple cell lines 

in vivo. 

15. The formulation of claim 1, wherein the polymer 
confers stability to the nucleic acid during storage conditions 
selected from the group consisting of: liquid storage, 

25 lyophilization and freezing. 
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16. The formulation of claim 1, wherein the nucleic acid 
molecule comprises a sequence encoding a protein selected from 
the group consisting of growth hormones, growth factors, 
cytokines, clotting factors, antigens, antigenic and anti- 

5 antigenic factors. 

17. The formulation of claim 16, wherein the clotting 
factor is a Factor IX. 

18. The formulation of claim 16, wherein the growth 
factor is an erythropoietin. 

10 19 . The formulation of claim 16 , wherein the cytokine is 

an interferon. 

20. The formulation of claim 10, further comprising a 
buffer suitable for internal administration. 

21- The formulation of claim 20, comprising the nucleic 
15 acid formulated with poly-L-glutamate at a concentration of 
about 6 mg/ml and about 150mM NaCl. 

22. The formulation of claim 21, wherein the nucleic 
acid is present in the formulation at about 1 mg/ml. 

23. The formulations of claim 21 or 22, further 
20 comprising a Tris buffer at a concentration ranging from about 

5 mM to about 10 mM. 



24. A lyophilized nucleic acid formulation comprising a 
nucleic acid encoding a functional molecule and an anionic 
polymer, wherein the anionic polymer is non- encapsulating. 
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25. The formulation of claim 24, wherein the anionic 
polymer is selected from the group consisting of: poly-nucleic 
acids, poly- amino acids, poly-acrylic acid, poly galacturonic 
acid, and poly vinyl sulfate. 

5 26. The formulation of claim 25, wherein the poly-amino 

acid is selected from a group consisting of: poly glutamic 
acid, poly aspartic acid, a polymer consisting of glutamic acid 
and aspartic acids, and salts thereof. 

27. The formulation of claim 26, wherein the poly- 
10 glutamic acid is a poly-L-glutamic acid. 

28. The formulation of claim 27, wherein the salt of 
poly-L-glutamic acid is a sodium salt and is present in the 
formulation at a concentration of 1 to 12 mg/ml prior to 
lyophilizat ion . 

15 29. The formulation of claim 28, wherein the sodium salt 

of poly-L-glutamic acid is present in the formulation at a 
concentration of about 6 mg/ml prior to lyophilizat ion. 

30. A plasmid DNA. composition suitable for internal 
administration comprising about 1 mg/ml plasmid DNA, about 6 

20 mg/ml poly-L-glutamate, about 150mM NaCl and about 10 mM Tris, 
pH 7.5. 

31. The plasmid DNA composition of claim 30, wherein the 
composition is stored in a lyophilized state and is 
reconstituted prior to administration. 

25 32. A method of administering to a mammal a composition 

for delivery of a nucleic acid molecule to a cell, comprising 
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the step of introducing the composition of any of claims 1-27 
into a tissue of a mammal . 

33. The method of claim 32, wherein said step of 
introducing said composition into a tissue of a mammal is by 

5 injection. 

34. The method of claim 33, wherein said tissue is 
muscle . 

35. The method of claim 32, wherein said tissue is a 
tumor. 

10 36. The method of claim 32, further comprising the step 

of electroporating the tissue. 

37. The method of claim 36, wherein the electroporating 
is performed through the use of a device configured and 
arranged to cause pulse voltage delivery of said composition. 

15 38. The method of claim 33, wherein said method induces 

an immune response. 

39. A composition for gene delivery in vivo comprising 
an anionic polymer and a nucleic acid encoding a gene product, 
and wherein the polymer is non- encapsulating. 

20 40. The composition of claim 39 wherein said gene 

product comprises a therapeutic protein. 

41. The composition of claim 39 wherein said gene 
product comprises an antigen. 



WO 01/66149 



PCT/US01/06953 



69 

42. The composition of claim 39 , wherein the anionic 
polymer is a poly-L-glutamate. 

43. The composition of claim 39, wherein the nucleic 
acid encodes an erythropoietin molecule. 

44. The composition of claim 39, wherein the nucleic 
acid encodes a clotting factor. 

45. The composition of claim 39, wherein the nucleic 
acid encodes a cytokine. 

46. The use of an anionic polymer for the preparation of 
a nucleic acid formulation wherein the formulation is delivered 
in vivo to an animal tissue in conjunction with in vivo 
electroporation of the tissue. 

47. The use of claim 46 wherein the anionic polymer is 
a poly-L-glutamate. 

48. The use of claim 47, wherein the poly-L-glutamate is 
formulated at a concentration of 1 to 12 mg/ml with the nucleic 
acid. ( 

49. A kit comprising a container for providing a 
composition of claim 1 and either (i) a pulse voltage device 
for delivering said composition to cells of an organism, 
wherein said pulse voltage device is capable of being combined 
with said container, or (ii) instructions explaining how to 
deliver said composition with said pulse voltage device. 

50 . A method for making a kit of claim 44 comprising the 
steps of combining a container for providing a composition of 
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claim 1 with either (i) a pulse voltage device for delivering 
said composition to the cells of an organism, wherein said 
pulse voltage device is capable of being combined with said 
container, or (ii) instructions explaining how to deliver said 
5 composition with said pulse voltage device. 

51. A method of treating a mammal suffering from cancer 
or an infectious disease, comprising the step of providing a 
composition of claim 1 to cells of said mammal by use of a 
device configured and arranged to pulse voltage delivery of 

10 said composition to cells of said mammal, wherein said molecule 
encodes a cancer antigen or an antigen for said infectious 
disease . 

52. The method of claim 51, wherein said cancer antigen 
is MAGE 1, and said cancer is melanoma. 

15 53. The method of claim 51, wherein said infectious 

disease antigen is HBV core antigen, and said infectious 
disease is chronic hepatitis. 

54. A formulation for delivery of a nucleic acid 
molecule to a cell, comprising a nucleic acid encoding a gene 

20 product and an excess of non-coding DNA. 

55. The formulation of claim 54 wherein said gene 
product comprises a therapeutic protein. 

56. The formulation of claim 54 wherein said gene 
product comprises an antigen. 

25 57. The formulation of claim 54 wherein said non-coding 

DNA comprises an empty plasmid. 
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58. The formulation of claim 54 wherein the ratio of 
nucleic acid encoding a gene product and non- coding DlsIA is 
about 1:2 to 1:6. 

59. A pharmaceutical composition for increasing a blood 
level of a therapeutic protein, comprising a non-viral vector 
encoding the therapeutic protein and a non-cationic compound 
that enhances transf ection. 

60. The pharmaceutical composition of claim 59, wherein 
the non-cationic compound enhances transfection in conjunction 
with electroporation in vivo. 

61. The pharmaceutical composition of claim 59 or 60, 
wherein the non-cationic compound is an anionic amino acid 
polymer . 

62. The pharmaceutical composition of claim 61, wherein 
the anionic amino acid polymer is a poly-L-glutamate . 

63. The pharmaceutical composition of any of claims 59 
- 62, wherein the therapeutic protein is selected from the 
group consisting of: a clotting factor; a growth factor; and 
a cytokine. 

64. The pharmaceutical composition of claim 63, wherein 
the therapeutic protein is selected from the group consisting 
of: Factor IX; EPO; and INF- alpha. 

65. A stabilized pharmaceutical composition for 
increasing a blood level of a therapeutic protein, comprising 
a non-viral vector encoding the therapeutic protein and a non- 
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cationic compound that protects the vector from biological 
degradation induced by lyophilization or freezing. 

66. The stabilized pharmaceutical composition of claim 
65, wherein the non-cationic compound is a poly- glut amat e . 

67. A method for increasing a blood level of a 
therapeutic protein in a mammal, comprising the steps of: 

a) preparing a formulation comprising a non-viral 
vector encoding a therapeutic protein and a non-cationic 
compound; 

b) introducing the formulation to a mammalian tissue 
in vivo; and 

c) electroporating the tissue, wherein the non- 
cationic compound increases transfection of the non-viral 
vector in conjunction with the electroporating of the tissue. 

68. The method of claim 67, wherein the tissue is a 
muscle . 

69. The method of claim 67, further comprising the steps 
of lyophilizing the formulation, storing the lyophilized 
formulation, and rehydrating the lyophilized formulation prior 
to introducing the formulation to a mammalian tissue. 

70. The method of any of claims 67 - 69, wherein the 
non-cationic compound is an anionic amino acid polymer. 

71. The method of claim 70, wherein the anionic amino 
acid polymer is a poly-glutamate . 
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72. The method of any claims 67 - 71 , wherein the 
therapeutic protein is selected from the group consisting of: 
a clotting factor; a growth factor; and a cytokine. 

73. A pharmaceutical composition to be administered to 
5 an organism, the pharmaceutical composition comprising: 

an anionic polymer, and 

a vector comprising a nucleic acid sequence encoding 

hF.IX. 

10 74. The pharmaceutical composition of claim 73 wherein 

the nucleic acid sequence comprises codons that are optimized 
for expressing hF. IX. 

75. The pharmaceutical composition of claim 73 wherein 
the vector further comprises: a 107 bp 5'UTR, a 117 bp 

15 synthetic intron, a human growth hormone polyadenylation 
signal, a PUC12 origin of replication, and a kanamycin 
resistance gene. 

76. The pharmaceutical composition of claim 73 wherein 
the vector is administered in the range of 0.8mg to 5.3mg per 

20 kilogram weight of the organism. 

77. The pharmaceutical composition of claim 73 wherein 
the vector is selected from the group consisting of: SEQ. ID. 
NO. 3 and SEQ. ID. NO. 4. 

78. The pharmaceutical composition of claim 73 wherein 
25 the anionic amino acid polymer is poly- glutamic acid or the 

salt thereof. 
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79. The pharmaceutical composition of claim 78, wherein 
the poly- glutamic acid or the salt thereof is characterized by 
a molecular weight in the range from 2,000 to 100,000 Daltons. 

80. The pharmaceutical composition of claim 78, wherein 
5 the poly-glutamic acid or the salt thereof is characterized by 

a molecular weight in the range from about 15,000 to about 
50,000 Daltons. 

81. The pharmaceutical composition of claim 78, wherein 
the poly-glutamic acid or the salt thereof is characterized by 

10 a molecular weight in the range from about 2,000 to about 
15,000 Daltons. 

82. The pharmaceutical composition of claim 78, wherein 
the poly-glutamic acid or the salt thereof is characterized by 
a molecular weight in the range from about 50,000 to about 

15 100,000 Daltons. 

83. The pharmaceutical composition of claim 78, wherein 
the poly-glutamic acid or salt thereof is formulated with the 
nucleic acid molecule at a polymer concentration ranging from 
1 to 12 mg/ml. 

20 84. The pharmaceutical composition of claim 83, wherein 

the poly-glutamic acid or salt thereof is formulated with the 
vector at a concentration of about 2 to about 6 mg/ml of poly- 
glutamic acid or salt thereof. 

85. The pharmaceutical composition of claim 73, wherein 
25 the formulation is isotonic. 
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SEQUENCE LISTING 

<110> Valentis, Inc. 

<120> NUCLEIC ACID FORMULATIONS FOR GENE DELIVERY AND 

METHODS OF USE 

<130> 261/125 

<140> NOT YET ASSIGNED 

<141> HEREWITH , 

<150> US 60/187,236 and US 60/261,751 

<151> 2000-03-03 and 2001-01-16 

<160> 4 

<170> Microsoft Word 

<210> 1 

<211> 3589 

<212> DNA 

<213> Artificial Sequence 

<220> CDS 

<222> (768) (1334) 

<223> Expression plasmid pIF0921 encoding for human 

interferon alpha (768) - (1334) . 

<400> 1 



1 


cgttacataa 


cttacggtaa 


atggcccgcc 


tggctgaccg 


cccaacgacc 


cccgcccatt 


61 


gacgtcaata 


atgacgtatg 


ttcccatagt 


aacgccaata 


gggactttcc 


attgacgtca 


121 


atgggtggag 


tatttacggt 


aaactgccca 


cttggcagta 


catcaagtgt 


atcatatgcc 


181 


aagtacgccc 


cctattgacg 


tcaatgacgg 


taaatggccc 


gcctggcatt 


atgcccagta 


241 


catgacctta 


tgggactttc 


ctacttggca 


gtacatctac 


gtattagtca 


tcgctattac 


301 


catggtgatg 


cggttttggc 


agtacatcaa 


tgggcgtgga 


tagcggtttg 


actcacgggg 


361 


atttccaagt 


ctccacccca 


ttgacgtcaa 


tgggagtttg 


ttttggcacc 


aaaafccaacg 


421 


ggactttcca 


aaatgtcgta 


acaactccgc 


cccattgacg 


caaatgggcg 


gtaggcgtgt 


481 


acggtgggag 


gtctatataa 


gcagagctcg 


tttagtgaac 


cgtcagatcg 


cctggagacg 


541 


ccatccacgc 


tgttttgacc 


tccatagaag 


acaccgggac 


cgatccagcc 


tccgcggccg 


601 


ggaacggtgc 


attggaacgc 


ggattccccg 


tgttaattaa 


caggtaagtg 


tcttcctcct 


661 


gtttccttcc 


cctgctattc 


tgctcaacct 


tcctatcaga 


aactgcagta 


tctgtatttt 


721 


tgctagcagt 


aatactaacg 


gttctttttt 


tctcttcaca 


ggccaccafcg- 


gccttgacct 


781 


tfcgctttact 


ggtggccctc 


ctggtgctca 


gctgcaagtc 


aagctgctct 


&tgggc tgtg 


841 


atctgcctca 


aacccacagc 


ctgggtagca 


ggaggacc £ t 


gatgctcctg 


gcacagatga 


901 


ggagaatctc 


tcttttctcc 


tgcttgaaga 


acagacatga 


ctttggattt 


ccccaggagg 
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961 agtttggcaa ccagttccaa aaggctgaaa ccatccctgt cctccatgag atgatccagc 
1021 agatcttcaa tctcttcagc acaaaggacfc catctgctgc ttgggatgag accctcctag 
1081 acaaattcta cactgaactc taccagcagc tgaatgacct ggaagcctgt gtgatacagg 
1141 gggtgggggt gacagagact cccctgatga aggaggactc cattctggct gtgaggaaat 
1201 acttccaaag aatcactctc tatctgaaag agaagaaata cagcccttgt gcctgggagg 
1261 ttgtcagagc agaaatcatg agatcttttt ctttgtcaac aaacttgcaa gaaagtttaa 
1321 gaagtaagga atgaatctag aaaagccgaa ttctgcagga attgggtggc atccctgtga 
13 81 cccctcccca gtgcctctcc tggccctgga agttgccact ccagtgccca ccagccttgt 
1441 cctaataaaa ttaagttgca tcattttgtc tgactaggtg tccttctata atattatggg 
1501 gtggaggggg gtggtatgga gcaaggggca agttgggaag acaacctgta gggctcgagg 
1561 gggggcccgg taccagcttt tgttcccttt agtgagggtt aatttcgagc ttggcgtaat 
1621 catggtcata gctgtttcct gtgtgaaatt gttatccgct cacaattcca cacaacatac 
1681 gagccggaag cataaagtgt aaagcctggg gtgcctaatg agtgagctaa ctcacattaa 
1741 ttgcgttgcg ctcactgccc gctttccagt cgggaaacct gtcgtgccag ctgcattaat 
1801 gaatcggcca acgcgcgggg agaggcggtt tgcgtattgg gcgctcttcc gcttcctcgc 
1861 tcactgactc gctgcgctcg gtcgttcggc tgcggcgagc ggtatcagct cactcaaagg 
1921 cggtaatacg gttatccaca gaatcagggg ataacgcagg aaagaacatg tgagcaaaag 
1981 gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttgct ggcgtttttc cataggctcc 
2041 gcccccctga cgagcatcac aaaaatcgac gctcaagtca gaggtggcga aacccgacag 
2101 gactataaag ataccaggcg tttccccctg gaagctccct cgtgcgctct cctgttccga 
2161 ccctgccgct taccggatac ctgtccgcct ttctcccttc gggaagcgtg gcgctttctc 
2221 atagctcacg ctgtaggtat ctcagttcgg tgtaggtcgt tcgctccaag ctgggctgtg 
2281 tgcacgaacc ccccgttcag cccgaccgct gcgccttatc cggtaactat cgtcttgagt 
2341 ccaacccggt aagacacgac ttatcgccac tggcagcagc cactggtaac aggattagca 
2401 gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcctaac tacggctaca 
2461 ctagaaggac agtatttggt atctgcgctc tgctgaagcc agttaccttc ggaaaaagag 
2521 ttggtagctc ttgatccggc aaacaaacca ccgctggtag cggtggtttt tttgtttgca 
2581 agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg 
2641 ggtctgacgc tcagaagaac tcgtcaagaa ggcgatagaa ggcgatgcgc tgcgaatcgg 
2701 gagcggcgat accgtaaagc acgaggaagc ggtcagccca ttcgccgcca agctcttcag 
2761 caatatcacg ggtagccaac gctatgtcct gatagcggtc cgccacaccc agccggccac 
2821 agtcgatgaa tccagaaaag cggccatttt ccaccatgat attcggcaag caggcatcgc 
2881 catgcgtcac gacgagatcc tcgccgtcgg gcatgcgcgc cttgagcctg gcgaacagtt 
2941 cggctggcgc gagcccctga tgctcttcgt ccagatcatc ctgatcgaca agaccggctt 
3001 ccatccgagt acgtgctcgc tcgatgcgat gtttcgcttg gtggtcgaat gggcaggtag 
3061 ccggatcaag cgtatgcagc cgccgcattg catcagccat gatggatact ttctcggcag 
3121 gagcaaggtg agatgacagg agatcctgcc ccggcacttc gcccaatagc agccagtccc 
3181 ttcccgcttc agtgacaacg tcgagcacag ctgcgcaagg aacgcccgtc gtggccagcc 
3241 acgatagccg cgctgcctcg tcctgcagtt cattcagggc accggacagg tcggtcttga 
3301 caaaaagaac cgggcgcccc tgcgctgaca gccggaacac ggcggcatca gagcagccga 
3361 ttgtctgttg tgcccagtca tagccgaata gcctctccac ccaagcggcc ggagaacctg 
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3421 cgtgcaatcc atcttgttca atcatgcgaa acgatcctca tcctgtctct tgatcagatc 
3481 ttgatcccct gcgccatcag atccttggcg gcaagaaagc catccagttt actttgcagg 
3541 gcttcccaac cttaccagag ggcgaattcg agcttgcatg cctgcaggt 



<210> 


2 


<211> 


3609 


<212> 


DN2V 


<213> 


Artificial Sequence 


<220> 


CDS 


<222> 


(801) ^ (1379) 


<223> 


Expression plasmid pEP1403 encoding for mouse 




erythropoietin (801) _ (1379) 


<400> 


2 



1 aattcgagct tgcatgcctg caggtcgtta cataacttac ggtaaatggc ccgcctggct 
61 gaccgcccaa cgacccccgc ccattgacgt caataatgac gtatgttccc atagtaacgc 
121 caatagggac tttccattga cgtcaatggg tggagtattt acggtaaact gcccacttgg 
181 cagtacatca agtgtatcat atgccaagta cgccccctat tgacgtcaat gacggtaaat 
241 ggcccgcctg gcattatgcc cagtacatga ccttatggga ctttcctact tggcagtaca 
301 tctacgtatt agtcatcgct attaccatgg tgatgcggtt ttggcagtac atcaatgggc 
361 gtggatagcg gtttgactca cggggatttc caagtctcca ccccattgac gtcaatggga 
421 gtttgttttg gcaccaaaat caacgggact ttccaaaatg tcgtaacaac tccgccccat 
481 tgacgcaaat gggcggtagg cgtgtacggt gggaggtcta tataagcaga gctcgtttag 
541 tgaaccgtca gatcgcctgg agacgccatc cacgctgttt tgacctccat agaagacacc 
601 gggaccgatc cagcctccgc ggccgggaac ggtgcattgg aacgcggatt ccccgtgtta 
661 attaacaggt aagtgtcttc ctcctgtttc cttcccctgc tattctgctc aaccttccta 
721 tcagaaactg cagtatctgt atttttgcta gcagtaatac taacggttct ttttttctct 
781 tcacaggcca ccaagcttcc atgggggtgc ccgaacgccc caccctgctg ctgctgctct 
841 ccctgctgct gattcctctg ggcctcccag tcctctgtgc tcccccacgc ctcatctgcg 
901 acagtcgggt gctggagagg tacatcctgg aggacaagga ggcagaaaat gtcacgatgg 
961 gttgtgcaga aggtcccaga ctgagtgaaa atattacagt cccagatacc aaagtcaact 
1021 tctatgcttg gaaaagraatg gaggtggaag aacaggccat cgaagtgtgg caaggcctgt 
1081 ccctgctcag cgaagccatc ctgcaggccc aggccctgct ggccaattcc tcccagccac 
1141 cagagaccct gcagctgcat atcgacaaag ccatcagtgg tctgcgcagc ctcacttccc 
1201 tgctgcgggt gctgggagct cagaaggaac tgatgtcccc tccagatacc accccacctg 
1261 ctccactccg cacactcaca gtggatactt tctgcaagct cttccgggtc tacgccaact 
1321 tcctccgggg gaaactgaag ctgtacacgg gagaggtctg caggagaggg gacaggtgag 
1381 tctagaaaag ccgaattctg caggaattgg gtggcatccc tgtgacccct ccccagtgcc 
1441 tctcctggcc ctggaagttg ccactccagt gcccaccagc cttgtcctaa taaaattaag 
1501 ttgcatcatt ttgtctgact aggtgtcctt ctataatatt atggggtgga ggggggtggt 
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1561 atggagcaag gggcaagttg ggaagacaac ctgtagggct cgaggggggg cccggtacca 
1621 gcttttgttc cctttagtga gggttaattt cgagcttggc gtaatcatgg tcatagctgt 
1681 ttcctgtgtg aaattgttat ccgctcacaa ttccacacaa catacgagcc ggaagcataa 
1741 agtgtaaagc ctggggtgcc taatgagtga gctaactcac attaattgcg ttgcgctcac 
1801 tgcccgcttt ccagtcggga aacctgtcgt gccagctgca ttaatgaatc ggccaacgcg 
1861 cggggagagg cggtttgcgt attgggcgct cttccgcttc ctcgctcact gactcgctgc 
1921 gctcggtcgt tcggctgcgg cgagcggtat cagctcactc aaaggcggta atacggttat 
1981 ccacagaatc aggggataac gcaggaaaga acatgtgagc aaaaggccag caaaaggcca 
2041 ggaaccgtaa aaaggccgcg ttgctggcgt ttttccatag gctccgcccc cctgacgagc 
2101 atcacaaaaa tcgacgctca agtcagaggt ggcgaaaccc gacaggacta taaagatacc 
2161 aggcgtttcc ccctggaagc tccctcgtgc gctctcctgt tccgaccctg ccgcttaccg 
2221 gatacctgtc cgcctttctc ccttcgggaa gcgtggcgct ttctcatagc tcacgctgta 
2281 ggtatctcag ttcggtgtag gtcgttcgct ccaagctggg ctgtgtgcac gaaccccccg 
2341 ttcagcccga ccgctgcgcc ttatccggta actatcgtct tgagtccaac ccggtaagac 
2401 acgacttatc gccactggca gcagccactg gtaacaggat tagcagagcg aggtatgtag 
2461 gcggtgctac agagttcttg aagtggtggc ctaactacgg ctacactaga aggacagtat 
2521 ttggtatctg cgctctgctg aagccagtta ccttcggaaa aagagttggt agctcttgat 
2581 ccggcaaaca aaccaccgct ggtagcggtg gtttttttgt ttgcaagcag cagattacgc 
2641 gcagaaaaaa aggatctcaa gaagatcctt tgatcttttc tacggggtct gacgctcaga 
2701 agaactcgtc aagaaggcga tagaaggcga tgcgctgcga atcgggagcg gcgataccgt 
2761 aaagcacgag gaagcggtca gcccattcgc cgccaagctc ttcagcaata tcacgggtag 
2821 ccaacgctat gtcctgatag cggtccgcca cacccagccg gccacagtcg atgaatccag 
2881 aaaagcggcc attttccacc atgatattcg gcaagcaggc atcgccatgc gtcacgacga 
2941 gatcctcgcc gtcgggcatg cgcgccttga gcctggcgaa cagttcggct ggcgcgagcc 
3001 cctgatgctc ttcgtccaga tcatcctgat cgacaagacc ggcttccatc cgagtacgtg 
3061 ctcgctcgat gcgatgtttc gcttggtggt cgaatgggca ggtagccgga tcaagcgtat 
3121 gcagccgccg cattgcatca gccatgatgg atactttctc ggcaggagca aggtgagatg 
3181 acaggagatc ctgccccggc acttcgccca atagcagcca gtcccttccc gcttcagtga 
3241 caacgtcgag cacagctgcg caaggaacgc ccgtcgtggc cagccacgat agccgcgctg 
3301 cctcgtcctg cagttcattc agggcaccgg acaggtcggt cttgacaaaa agaaccgggc 
3361 gcccctgcgc tgacagccgg aacacggcgg catcagagca gccgattgtc tgttgtgccc 
3421 agtcatagcc gaatagcctc tccacccaag cggccggaga acctgcgtgc aatccatctt 
3481 gttcaatcat gcgaaacgat cctcatcctg tctcttgatc agate ttgat cccctgcgcc 
3541 atcagatcct tggcggcaag aaagccatcc agtttacttt gcagggcttc ccaaccttac 
3601 cagagggcg 



210> 



3 



211> 



4496 



212> 



DNA 



213> 



Artificial Sequence 
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<220> 



CDS 



<222> 



<223> 



(782) _ (2167) 

Expression plasmid pFN0945 having natural sequence 
encoding human coagulation factor IX 



<400> 



3 



1 ggtcgttaca taacttacgg taaatggccc gcctggctga ccgcccaacg acccccgccc 
61 attgacgtca ataatgacgt atgttcccat agtaacgcca atagggactt tccattgacg 
121 tcaatgggtg gagtatttac ggtaaactgc ccacttggca gtacatcaag tgtatcatat 
181 gccaagtacg ccccctattg acgtcaatga cggtaaatgg cccgcctggc attatgccca 
241 gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag tcatcgctat 
301 taccatcatg gtgatgcggt tttggcagta catcaatggg cgtggatagc ggtttgactc 
361 acggggattt ccaagtctcc accccattga cgtcaatggg agtttgtttt ggcaccaaaa 
421 tcaacgggac tttccaaaat gtcgtaacaa ctccgcccca ttgacgcaaa tgggcggtag 
4B1 gcgtgtacgg tgggaggtct atataagcag agctcgttta gtgaaccgtc agatcgcctg 
541 gagacgccat ccacgctgtt ttgacctcca tagaagacac cgggaccgat ccagcctccg 
601 cggccgggaa cggtgcattg gaacgcggat tccccgtgtt aattaacagg taagtgtctt 
661 cctcctgttt ccttcccctg ctattctgct caaccttcct atcagaaact gcagtatctg 
721 tatttttgct agcagtaata ctaacggttc tttttttctc ttcacaggcc acactggatc 
781 catgcagcgc gtgaacatga tcatggcaga atcaccaggc ctcafccacca tctgcctttt 
841 aggatatcta ctcagtgctg aatgtacagt ttttcttgat catgaaaacg ccaacaaaat 
901 tctgaatcgg ccaaagaggt ataattcagg taaattgrgaa gagtttgttc aagggaacct 
961 tgagagagaa tgtatggaag aaaagtgtag ttttgaagaa gcacgagaag tttttgaaaa 
1021 cactgaaaga acaactgaat tttggaagca gtatgttgat ggagatcagt gtgagtccaa 
1081 tccatgttta aatggcggca gttgcaagga tgacattaat tcctatgaat gttggtgtcc 
1141 ctttggattt gaaggaaaga actgtgaatt agatgtaaca tgtaacatta agaatggcag 
1201 atgcgagcag ttttgrtaaaa atagtgctga taacaaggtg gtttgctcct gtactgaggg 
1261 atatcgactt gcagaaaacc agaagtcctg tgaaccagca gtgccatttc catgtggaag 
1321 agtttctgtt tcacaaactt ctaagctcac ccgtgctgag actgtttttc ctgatgtgga 
1381 ctatgtaaat tctactgaag ctgaaaccat tttggataac afccactcaaa gcacccaatc 
1441 atfctaatgac ttcactcggg ttgttggtgg agaagatgcc aaaccaggtc aattcccttg 
1501 gcaggttgtt ttgaatggta aagttgatgc attctgtgga ggctctatcg ttaatgraaaa 
1561 atggattgta actgctgccc actgtgttga aactggtgtt aaaattacag ttgtcgcagg 
1621 tgaacataat attgaggaga cagaacatac agagcaaaag cgaaatgtga ttcgaattat 
1681 tcctcaccac aactacaatg cagctattaa taagtacaac catgacattg cccttctgga 
1741 actggacgaa cccttagtgc taaacagcta cgttacacct atttgcattg ctgacaagga 
1801 atacacgaac atcttcctca aatttggatc tggctatgta agtggctggg gaagagtctt 
1861 ccacaaaggg agatcagctt tagttcttca gtaccttaga gttccacttg ttgaccgagc 
1921 cacatgtctt cgatctacaa agttcaccat ctataacaac atgttctgtg ctggcttcca 
1981 tgaaggaggt agagattcat gtcaaggaga tagtggggga ccccatgtta ctgaagtgga 
2041 agggaccagt ttcttaactg gaattattag ctggggtgaa gagtgtgcaa tgaaaggcaa 
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2101 atatggaata tataccaagg tatcccggta. tgtcaactgg attaag^aaa aaacaaaflrct 
2161 cacttaataa tctagagctc gctgatcagc ctcgactgtg ccttctagtt gccagccatc 
2221 tgttgtttgc ccctcccccg tgccttcctt gaccctggaa ggtgccactc ccactgtcct 
2281 ttcctaataa aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggg 
2341 gggtggggtg gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgctgg 
2401 ggatgcggtg ggctctatgg cttctgaggc ggaaagaacc agctggggct cgagcatgca 
2461 agcttcgagg gggggcccgg taccagcttt tgttcccttt agtgagggtt aatttcgagc 
2521 ttggcgtaat catggtcata gctgtttcct gtgtgaaatt gttatccgct cacaattcca 
2581 cacaacatac gagccggaag cataaagtgt aaagcctggg gtgcctaatg agtgagctaa 
2641 ctcacattaa ttgcgttgcg ctcactgccc gctttccagt cgggaaacct gtcgtgccag 
2701 ctgcattaat gaatcggcca acgcgcgggg agaggcggtt tgcgtattgg gcgctcttcc 
2761 gcttcctcgc tcactgactc gctgcgctcg gtcgttcggc tgcggcgagc ggtatcagct 
2821 cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgcagg aaagaacatg 
2881 tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttgct ggcgtttttc 
2941 cataggctcc gcccccctga cgagcatcac aaaaatcgac gctcaagtca gaggtggcga 
3001 aacccgacag gactataaag ataccaggcg tttccccctg gaagctccct cgtgcgctct 
3061 cctgttccga ccctgccgct taccggatac ctgtccgcct ttctcccttc gggaagcgtg 
3121 gcgctttctc atagctcacg ctgtaggtat ctcagttcgg tgtaggtcgt tcgctccaag 
3181 ctgggctgtg tgcacgaacc ccccgttcag cccgaccgct gcgccttatc cggtaactat 
3241 cgtcttgagt ccaacccggt aagacacgac ttatcgccac tggcagcagc cactggtaac 
3301 aggattagca gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcctaac 
3361 tacggctaca ctagaaggac agtatttggt atctgcgctc tgctgaagcc agttaccttc 
3421 ggaaaaagag ttggtagctc ttgatccggc aaacaaacca ccgctggtag cggtggtttt 
3481 tttgtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc 
3541 ttttctacgg ggtctgacgc tcagaagaac tcgtcaagaa ggcgatagaa ggcgatgcgc 
3601 tgcgaatcgg gagcggcgat accgtaaagc acgaggaagc ggtcagccca ttcgccgcca 
3661 agctcttcag caatatcacg ggtagccaac gctatgtcct gatagcggtc cgccacaccc 
3721 agccggccac agtcgatgaa tccagaaaag cggccatttt ccaccatgat attcggcaag 
3781 caggcatcgc catgcgtcac gacgagatcc tcgccgtcgg gcatgcgcgc cttgagcctg 
3841 gcgaacagtt cggctggcgc gagcccctga tgctcttcgt ccagatcatc ctgatcgaca 
3901 agaccggctt ccatccgagt acgtgctcgc tcgatgcgat gtttcgcttg gtggtcgaat 
3961 gggcaggtag ccggatcaag cgtatgcagc cgccgcattg catcagccat gatggatact 
4021 ttctcggcag gagcaaggtg agatgacagg agatcctgcc ccggcacttc gcccaatagc 
4081 agccagtccc ttcccgcttc agtgacaacg tcgagcacag ctgcgcaagg aacgcccgtc 
4141 gtggccagcc acgatagccg cgctgcctcg tcctgcagtt cattcagggc accggacagg 
4201 tcggtcttga caaaaagaac cgggcgcccc tgcgctgaca gccggaacac ggcggcatca 
4261 gagcagccga ttgtctgttg tgcccagtca tagccgaata gcctctccac ccaagcggcc 
4321 ggagaacctg cgtgcaatcc atcttgttca atcatgcgaa acgatcctca tcctgtctct 
4381 tgatcagatc ttgatcccct gcgccatcag atccttggcg gcaagaaagc catccagttt 
4441 actttgcagg gcttcccaac cttaccagag ggcgaattcg agcttgcatg cctgca 
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1 ggtcgttaca taacttacgg taaatggccc gcctggctga ccgcccaacg acccccgccc 
61 attgacgtca ataatgacgt atgttcccat agtaacgcca atagggactt tccattgacg 
121 tcaatgggtg gagtatttac ggtaaactgc ccacttggca gtacatcaag tgtatcatat 
181 gccaagtacg ccccctattg acgtcaatga cggtaaatgg cccgcctggc attatgccca 
241 gtacatgacc ttatgggact ttcctacttg gcagtacatc tacgtattag tcatcgctat 
301 taccatgcat ggtgatgcgg ttttggcagt acatcaatgg gcgtggatag cggtttgact 
361 cacggggatt tccaagtctc caccccattg acgtcaatgg gagtttgttt tggcaccaaa 
421 atcaacggga ctttccaaaa tgtcgtaaca actccgcccc attgacgcaa atgggcggta 
481 ggcgtgtacg gtgggaggtc tatataagca gagctcgttt agtgaaccgt cagatcgcct 
541 ggagacgcca tccacgctgt tttgacctcc atagaagaca ccgggaccga tccagcctcc 
601 gcggccggga acggtgcatt ggaacgcgga ttccccgtgt taattaacag gtaagtgtct 
661 tcctcctgtt tccttcccct gctattctgc tcaaccttcc tatcagaaac tgcagtatct 
721 gtatttttgc tagcagtaat actaacggtt ctttttttct cttcacaggc cacactggat 
781 ccaccatgca gagggtgaac atgatcatgg cagaatcccc aggcctcatc accatctgcc 
841 tgctgggata tctgctcagt gctgaatgta cagtgtttct ggatcatgaa aatgccaaca 
901 aaattctffaa tcggccaaag agratataatt ctggcaaact ggaagagttt gtgcaaggga 
961 acctggagag agaatgtatg gaagaaaagt gtagttttga agaagcacgg gaagtgtttg 
1021 aaaacactga aagaacaact gaattttgga agcagtatgt ggatggagat caatgcgagt 
1081 ccaatccatg tctgaatggg ggcagttgca aggatgacat taattcctat gaatgttggt 
1141 gtacctttgg atttgaagga aagaactgtg aactggatgt gacatgtaac attaagaatg 
1201 gcagatgtga gcagttttgt aaaaatagtg ctgataacaa ggtggtgtgc tcctgtactg 
1261 agggatatcg cctggcagaa aaccagaagt cctgtgaacc agcagtgcca tttccatgtg 
1321 gaagagtgtc tgtgtcccaa acttctaagc tcacocgggc tgaggctgtg tttcctgatg 
1381 tggactatgt caattctact gaagctgaaa ccattctgga taacatcact caaagcaccc 
1441 aatcctttaa tgacttcact cgggtggtgg gtggagaaga tgccaaacca ggtcaattcc 
1501 catggcaagt ggtcctgaat ggcaaagtgg atgcattctg tggaggctct atcgtcaatg 
1561 aaaaatggat tgtgactgct gcccactgtg tggaaactgg tgtcaaaatt acagtggtgg 
1621 caggcgaaca taatattgag gagacagaac atacagagca aaagcggaat gtgattcgca 
1681 ttattcctca ccacaactac aatgcagcta ttaataagta caaccatgac attgccctgc 
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1741 tggaactgga tgaacccctg gtgctgaaca gctatgtgac acctatttgc attgctgaca 
1801 aggaatacac caacatcttc ctcaaatttg gatctggcta tgtcagcggc tggggaagag 
1861 tcttccacaa agggagatct gctctggtcc tgcagtacct gagagtgcca ctggtggacc 
1921 gggccacatg tctccgctct acaaagttca ccatctataa caacatgttc tgtgctggat 
1981 tccatgaagg aggtagagat tcctgtcaag gagatagtgg gggaccccat gtcactgaag 
2041 tggaagggac cagtttcctg actggaatta ttagctgggg tgaagagtgt gcaatgaaag 
2101 gcaaatatgg aatctatacc aaggtgtccc gctatgtcaa ctggattaag sraaaaaacaa 
2161 agctcactta atgactctag aaaagccgaa ttctgcagga attgggtggc atccctgtga 
2221 cccctcccca gtgcctctcc tggccctgga agttgccact ccagtgccca ccagccttgt 
2281 cctaataaaa ttaagttgca tcattttgtc tgactaggtg tccttctata atattatggg 
2341 gtggaggggg gtggtatgga gcaaggggca agttgggaag acaacctgta gggctcgagg 
2401 gggggcccgg taccagcttt tgttcccttt agtgagggtt aatttcgagc ttggtcttcc 
2461 gcttcctcgc tcactgactc gctgcgctcg gtcgttcggc tgcggcgagc ggtatcagct 
2521 cactcaaagg cggtaatacg gttatccaca gaatcagggg ataacgcagg aaagaacatg 
2581 tgagcaaaag gccagcaaaa ggccaggaac cgtaaaaagg ccgcgttgct ggcgtttttc 
2641 cataggctcc gcccccctga cgagcatcac aaaaatcgac gctcaagtca gaggtggcga 
2701 aacccgacag gactataaag ataccaggcg tttccccctg gaagctccct cgtgcgctct 
2761 cctgttccga ccctgccgct taccggatac ctgtccgcct ttctcccttc gggaagcgtg 
2821 gcgctttctc atagctcacg ctgtaggtat ctcagttcgg tgtaggtcgt tcgctccaag 
2881 ctgggctgtg tgcacgaacc ccccgttcag cccgaccgct gcgccttatc cggtaactat 
2941 cgtcttgagt ccaacccggt aagacacgac ttatcgccac tggcagcagc cactggtaac 
3001 aggattagca gagcgaggta tgtaggcggt gctacagagt tcttgaagtg gtggcctaac 
3061 tacggctaca ctagaaggac agtatttggt atctgcgctc tgctgaagcc agttaccttc 
3121 ggaaaaagag ttggtagctc ttgatccggc aaacaaacca ccgctggtag cggtggtttt 
3181 tttgtttgca agcagcagat tacgcgcaga aaaaaaggat ctcaagaaga tcctttgatc 
3241 ttttctacgg ggtctgacgc tcagaagaac tcgtcaagaa ggcgatagaa ggcgatgcgc 
3301 tgcgaatcgg gagcggcgat accgtaaagc acgaggaagc ggtcagccca ttcgccgcca 
3361 agctcttcag caatatcacg ggtagccaac gctatgtcct gatagcggtc cgccacaccc 
3421 agccggccac agtcgatgaa tccagaaaag cggccatttt ccaccatgat attcggcaag 
3481 caggcatcgc catgcgtcac gacgagatcc tcgccgtcgg gcatgcgcgc cttgagcctg 
3541 gcgaacagtt cggctggcgc gagcccctga tgctcttcgt ccagatcatc ctgatcgaca 
3601 agaccggctt ccatccgagt acgtgctcgc tcgatgcgat gtttcgcttg gtggtcgaat 
3661 gggcaggtag ccggatcaag cgtatgcagc cgccgcattg catcagccat gatggatact 
3721 ttctcggcag gagcaaggtg agatgacagg agatcctgcc ccggcacttc gcccaatagc 
3781 agccagtccc ttcccgcttc agtgacaacg tcgagcacag ctgcgcaagg aacgcccgtc 
3841 gtggccagcc acgatagccg cgctgcctcg tcctgcagtt cattcagggc accggacagg 
3901 tcggtcttga caaaaagaac cgggcgcccc tgcgctgaca gccggaacac ggcggcatca 
3961 gagcagccga ttgtctgttg tgcccagtca tagccgaata gcctctccac ccaagcggcc 
4021 ggagaacctg. cgtgcaatcc atcttgttca atcatgcgaa acgatcctca tcctgtctct 
4081 tgatcagatc ttgatcccct gcgccatcag atccttggcg gcaagaaagc catccagttt 
4141 actttgcagg gcttcccaac cttaccagag ggcgccccag ctggcaattc cggttcgctt 
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4201 gctgtccata aaaccgccca gtctagcaac tgttgggaag ggcggggctg caggaattcg 
4261 agcttgcatg cctgca 
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